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junction cancer: a
single-arm, single-center,
retrospective study
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Xiaoyong Ge1,2,3, Yifan Li1,2,3, Xinwei Han1,2,3, Peng Chen4*

and Kewei Ren1,2,3*

1Department of Interventional Radiology, The First Affiliated Hospital of Zhengzhou University,
Zhengzhou, Henan, China, 2Interventional Institute of Zhengzhou University, Zhengzhou,
Henan, China, 3Interventional Treatment and Clinical Research Center of Henan Province,
Zhengzhou, Henan, China, 4Department of Gastrointestinal Surgery, The First Affiliated Hospital of
Zhengzhou University, Zhengzhou, Henan, China
Purpose: This study aims to investigate the efficacy and safety of transcatheter

arterial chemoembolization (TACE) combined with Apatinib and Camrelizumab for

treating unresectable advanced gastric or gastroesophageal junction (G/GEJ) cancer.

Material andmethods: In this study, data of patients with unresectable advanced

G/GEJ cancer who received TACE combined with Apatinib and Camrelizumab

from August 2018 to December 2021 was evaluated. After TACE, patients were

given intravenous Camrelizumab 200mg every three weeks and oral apatinib

250mg/day for treatment. The primary endpoint was overall survival (OS), and the

secondary endpoints were objective response rate (ORR), disease control rate

(DCR), and adverse events (AEs).

Results: A total of 49 patients were enrolled in this study. The median follow-up

time was 14.0 months, and the median OS was 20.0 months (95% CI = 13.6-26.4).

Two patients (4.08%) achieved complete remission, 28 patients (57.14%) achieved

partial remission, 18 patients (36.73%) had stable disease, and 1 patient (2.04%) had

disease progression. The ORR was 61.22%, and the DCR was 97.96%. Multivariate

Cox regression analysis indicated that age (HR 4.74, 95% CI = 1.674-13.440,

P=0.003) and multiple distant metastases (HR 20.916, 95% CI = 4.094-106.808,

P = 0.001) were independent risk factors for OS. Most AEs were classified as grade

1-2, the most common being RCCEP (69.39%). There were 5 cases of grade 3-4

adverse events (10.20%). No patients discontinued or reduced the treatment dose

due to AEs, and all patients received symptomatic treatment.
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Conclusion: TACE combined with Apatinib and Camrelizumab is a safe and

effective therapeutic option for patients with unresectable advanced G/GEJ

cancer, which can significantly improve the median OS and ORR of patients.

And the adverse events (AEs) are tolerable and manageable.
KEYWORDS

TACE, targeted therapy, immunotherapy, gastric or gastroesophageal junction cancer,
comprehensive therapy
1 Introduction

Gastric cancer is the fifth most common cancer and the fourth

leading cause of cancer-related death globally (1). However, early

diagnosis of gastric cancer is less than 10%, and most patients are

already in the late stage when they are diagnosed. Palliative

treatment is mainly adopted for late-stage gastric cancer, and the

overall prognosis is poor (2–4).

For late-stage gastric cancer, neoadjuvant therapy is one of the

most essential parts of treatment, neoadjuvant therapy can shrink the

tumor, thus enabling radical resection and prolonging the patient’s

survival (5, 6). Although new adjuvant chemotherapy could effectively

control the development of tumors, some patients suffer severe side

effects. TACE has emerged as a standard treatment for liver cancer and

a new therapeutic option for the treatment of gastric or

gastroesophageal junction (G/GEJ) cancer. There were relatively few

reports on TACE for the treatment of gastric cancer (7). Some case

reports have demonstrated the efficacy and safety of transcatheter

arterial therapy in late-stage gastric cancer, indicating that TACE may

have more prospects in the treatment of gastric cancer (8, 9). TACE

can increase the concentration of localized chemotherapy drugs and

reduce adverse reactions (10). The principle of TACE treatment for

gastric cancer is to inject chemotherapeutic drugs and embolic agents

into the tumor blood supply arteries through vascular super-selective

technique, thus increasing the local blood concentration, which not

only enhances the ability to kill tumor cells, but also reduces the

systemic toxic side effects of chemotherapeutic drugs. In addition,

embolic agents can further cut off the tumor trophoblastic arteries and

slow down the invasion and metastasis of tumor cells, thus controlling

tumor progression (11).

Oxaliplatin is a commonly used chemotherapeutic drug in the

treatment of gastric cancer, which can induce immunogenic cell

death (12). TACE can effectively kill malignant tumor cells or tissues

by localized chemotherapy and vascular occlusion, thus exposing

tumor antigens and promoting tumor immunization. However, the

antitumor effect of TACE is not last. After the tumor-feeding artery is

blocked, the tumor microenvironment is in a hypoxic and ischemic

state, which induces the expression of vascular endothelial growth

factor (VEGF) and promotes tumor vascularization, ultimately

leading to tumor recurrence and metastasis (13, 14).

Immune checkpoint inhibitors (ICIs) can activate systemic

antitumor immune response by blocking programmed cell death
02
protein 1 (PD-1) signal transduction (15). Camrelizumab (SHR-120)

is a high-affinity and completely humanized monoclonal antibody

against PD-1 (16). In the first-line setting, ICIs in combination with

chemotherapy for advanced G/GEJ cancer significantly prolong OS

and PFS in patients (17–19). However, the effect of single

immunotherapy is not satisfactory compared with conventional

treatments. Abnormal angiogenesis is considered a fundamental

cause of solid tumor immune escape (20). Therefore, ICIs

combined with anti-angiogenic drugs for the treatment of gastric

cancer have attracted a lot of attention (21, 22). Apatinib is a small

molecule tyrosine kinase inhibitor that binds and strongly inhibits

VEGFR2 and reduces tumor angiogenesis (23). It has been approved

in China as a three-line drug for the treatment of advanced gastric

cancer (24, 25). Current studies suggest that VEGF has

immunosuppressive effects and that anti-angiogenic drugs targeting

VEGF-VEGFR can increase T cell activity and promote infiltration

and activation of CD8+ T cells in the tumor microenvironment, thus

acting synergistically with ICIs (26). In some studies, apatinib have

been shown to reprogram TME, reverse immune-suppressive to

inflamed state, and enhance the efficacy of ICIs (18, 27). In

addition, apatinib can effectively inhibit reactive skin microvascular

endothelial proliferation induced by camrelizumab (28). Therefore,

ICI combined with anti-angiogenesis drugs can improve the

effectiveness of immunotherapy, reduce the adverse effects of

immunotherapy and improve the prognosis of patients. As TACE

can induce immunogenic cell death, TACE combined with

immunotherapy can also enhance efficacy (29).

Apatinib combined with camrelizumab can improve the clinical

benefit of patients with unresectable advanced G/GEJ cancer (30).

However, there have been no reports on TACE combined with

apatinib and camrelizumab for the treatment of advanced gastric

cancer patients. In this single-arm, single-center, retrospective

study, we aim to explore the safety and effectiveness of TACE

combined with apatinib and camrelizumab for the treatment of

unresectable advanced G/GEJ cancer.

2 Materials and methods

2.1 Patients

This retrospective study was approved by the Ethical Review

Board of our hospital and was conducted in accordance with the
frontiersin.org
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Declaration of Helsinki. Patients with unresectable stage G/GEJ

cancer who received TACE combined with Apatinib (Jiangsu Heng

Rui Medicine Co., Ltd., Jiangsu, China) and Camrelizumab (Jiangsu

Heng Rui Medicine Co., Ltd., Jiangsu, China) treatment from

August 2018 to December 2021 were included. The main

inclusion criteria were as follows: 1. Age ≥ 18 years; 2.

Pathologica l and/or cyto log ica l d iagnos is of gas tr ic

adenocarcinoma or adenocarcinoma at the gastroesophageal

junction; 3. At least one measurable lesion; 4. Eastern Cooperative

Oncology Group (ECOG) score: 0 or 1; 5. Estimated survival ≥ 6

months; 6. Normal renal function or corrected by appropriate

treatment; 7. Patients refused to receive surgery and had not

received any interventional therapy in the past. Exclusion criteria

included: 1. Patients with severe coagulation dysfunction, renal

insufficiency, or cardiopulmonary dysfunction that cannot be

corrected; 2. Patients who are allergic to contrast agents and

chemotherapy drugs (such as oxaliplatin); 3. Pregnant or lactating

women; 4. Severe infection; 5. Insufficient data (For example,

incomplete follow-up data, loss of image data, etc.).
2.2 Treatment protocol

Routine disinfection and local anesthesia were performed at the

puncture site with 5 ml of 2% lidocaine. A 5-French (F) sheath was

inserted into the femoral artery using the modified Seldinger

technique. Under the guidance of digital subtraction angiography
Frontiers in Oncology 03
(DSA), the tip of the 5-French (F) catheter (COOK, USA) with

guidewire was introduced to the aorta and selected the left gastric

artery to perform angiography. After observing the blush of the

tumor, a 2.7-French (F) microcatheter (Terumo, Tokyo, Japan) was

super-selected into the tumor-feeding artery for embolization. The

embolization technique included the following: iodized oil-

oxaliplatin emulsion, an oil-in-water type chemical embolic agent

prepared by mixing oxaliplatin with iodized oil. The operator slowly

injected the iodized oil-oxaliplatin emulsion through the

microcatheter until the tumor blush disappeared (Figure 1). The

TACE was ended. One week after TACE, the patient was given

200mg of camrelizumab monoclonal antibody intravenously every

three weeks and 250mg of apatinib orally per day for treatment. The

patient could undergo multiple TACE as needed, and apatinib was

suspended 3 days before the subsequent TACE surgery.
2.3 Study endpoints

The primary endpoint of this study was overall survival (OS).

OS was defined as the time from receiving the first TACE treatment

to death due to any reason. The secondary endpoints of this study

included objective response rate (ORR), disease control rate (DCR),

and treatment-related adverse events (AEs). Tumor responses were

assessed by two experienced radiologists using the Response

Evaluation Criteria in Solid Tumors (RECIST, version 1.1) (31),

including complete response (CR), partial response (PR), disease
FIGURE 1

A 51-year-old male patient with low-grade adenocarcinoma at the gastroesophageal junction was offered a curative surgical opportunity after TACE
combined with targeted drugs and immunotherapy. (A) Abdominal Computer Tomography (CT) showed a tumor at the gastroesophageal junction
during the arterial phase before combined treatment. (B) After 4 months of combined treatment, the patient’s abdominal CT arterial phase
enhancement of the original tumor disappeared. (C) Under the guidance of digital subtraction angiography (DSA), the tip of the 5-F catheter with
guidewire was introduced to the aorta, and select the left gastric artery to perform angiography and observed the blush of the tumor. (D) The
operator slowly injected the iodized oil-oxaliplatin emulsion through the microcatheter until the tumor blush disappeared.
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stability (SD), and progressive disease (PD). ORR was defined as

CR + PR, and DCR was defined as CR + PR + SD. Adverse events

were assessed according to the Common Terminology Criteria for

Adverse Events (CTCAE, version 4.03).
2.4 Statistical methods

All data were analyzed using SPSS 21.0 (IBM Corp., Armonk,

NY, USA). All continuous variables were reported as means ±

standard deviation (SD) or median (min-max), and categorical

variables were presented as numbers (percentages). Student’s t-

test was used to compare continuous data, and Chi-square or

Fisher’s exact test was used to compare categorical data. Survival

curves were estimated by the Kaplan-Meier method, and the

median OS was calculated from it. Multivariate Cox regression

analysis was used to predict factors affecting OS. P-value of <0.05

was considered significant.
3 Results

3.1 Patient demographics

A total of 49 advanced G/GEJ cancer patients participated in

this study from August 2018 to December 2021. The baseline

characteristics of the patients are shown in Table 1. The median

age was 67 years (range 33-89 years), 46 (93.88%) were male, 3

(6.12%) were primary tumors in the stomach, and 46 (93.88%) were

at the gastroesophageal junction. 34 (69.38%) patients had distant

metastases, 18 patients underwent only one TACE procedure, and

31 patients underwent 2-4 TACE procedures. 13 patients achieved

R0 resection after downstaging with TACE combined with apatinib

and camrelizumab.
3.2 Efficacy

By the time of follow-up (May 2022), the median follow-up was

14.0 months, and the median OS was 20.0 months (95% CI =13.6-

26.4) (Figure 2). Univariate Cox regression risk proportional model

(Table 2) showed that age (HR 4.445, 95% CI =1.865-10.592,

P <0.001), ECGO score (HR 2.189, 95% CI =1.032-4.651, P=

0.041), comorbidities (HR 2.686, 95% CI =1.044-6.910, P=0.040),

TACE number (HR 2.184, 95% CI= 1.006-4.741, P=0.048) and

distant metastasis (HR 12.647, 95%CI = 3.552-45.036, P= 0.001)

were risk factors for OS. Multivariate Cox regression (Table 2)

showed that the independent risk factors for OS were age (HR 4.74,

95% CI=1.674-13.440, P= 0.003) and distant metastasis (HR 20.916,

95% CI=4.094-106.808, P=0.001). Tumor response in all patients

was assessed according to RECIST 1.1 criteria (Table 3), with 2

patients (4.08%) achieving a complete response, 28 patients

(57.14%) achieving a partial response, 18 patients (36.73%) being

stable, and 1 patient (2.04%) progressing. The objective remission

rate was 61.22%, and the disease control rate was 97.96% (Figure 3).
Frontiers in Oncology 04
3.3 Safety

No TACE related severe complications happened. No deaths

related to treatment were observed (Table 4). The most common

adverse events associated with apatinib and carfilzomib included

skin reactions of the hands and feet (30.61%), diarrhea (26.53%),

hypertension (20.41%), and proteinuria (20.41%). Typical adverse

events associated with TACE included fever (55.10%), pain
TABLE 1 Patient characteristics at baseline.

Characteristics All patients enrolled (n = 49)

Age(years), media(range) 67 (33-89)

Age group(years) (%)

<65 18 (36.73)

≥65 31 (63.27)

Sex (%)

Male 46 (93.88)

Female 3 (6.12)

ECGO PS (%)

0 25 (51.02)

1 24 (48.98)

Location of primary tumor (%)

Gastric 3 (6.12)

Gastroesophageal junction 46 (93.88)

Laboratory parameters

RBC (109/L, mean ± SD) 3.91 ± 0.64

WBC (1012/L, mean ± SD) 5.56 ± 3.33

Hb (g/L, mean ± SD) 112.96 ± 25.38

Comorbidities (%)

Hypertension 5 (10.20)

Diabetes mellitus 2 (4.08)

Coronary heart disease 3 (6.12)

Organs with metastases (%)

1 15 (30.61%)

≥2 34 (69.38%)

Number of TACE (%)

<2 18 (36.73)

≥2 31 (63.27)

Radical operation (%)

Yes 13 (26.53)

No 36 (73.47)

Data are median (range) or N (%).
ECOG PS, Eastern Cooperative Oncology Group Performance Status; RBC, red blood cell; Hb,
hemoglobin; WBC, white blood cell; TACE, transcatheter arterial chemoembolization.
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(51.02%), nausea and vomiting (48.98%), diarrhea (26.53%), and

abdominal distension (16.33%). According to CTCAE 4.03, most

AEs were classified as Grade 1-2, with RCCEPs being the most

common (69.39%) and Grade 3-4 adverse events 5 cases (10.20%).

No patients discontinued or reduced due to adverse events, and all

patients were corrected after symptomatic treatment.
4 Discussion

In recent years, the treatment of unresectable advanced G/GEJ

cancer has developed rapidly. A variety of treatments including

targeted drugs, immune checkpoint inhibitors, and TACE have been

used for unresectable advanced G/GEJ cancer (32). However,

monotherapy has unsatisfactory efficacy, and combination therapy

can provide additional clinical benefits for patients. The phase 3 trial

of EPOC 1706 reported that lenvatinib plus pembrolizumab had

significant anti-tumor activity in first- or second-line treatment of

patients with advanced gastric cancer, with an overall response rate of

69% and a median progression-free survival of 7.1 months (27). The

study of Peng et al. showed that combined with apatinib, camrelizumab
Frontiers in Oncology 05
treatment of advanced or metastatic G/GEJ adenocarcinoma had an

ORR of 58.3%, which was superior to the standard first-line

chemotherapy regimens reported previously, showing encouraging

anti-tumor activity and controllable toxicity (18).

TACE can effectively kill tumor cells or tissues through regional

chemotherapy and vascular occlusion (33). As a potential

treatment, TACE has been included in the 2022 Chinese

guideline for the diagnosis and treatment of gastric cancer and is

used for palliative treatment or adjuvant treatment of advanced

gastric cancer and unresectable gastric cancer (34). The study of Li

et al. showed that TACE treatment for advanced gastric cancer was

safe and effective and could reduce tumor size and improve the

quality of life of patients (7). In a prospective, single-arm, single-

center clinical study, Su et al. confirmed that TACE combined with

apatinib and S-1 could significantly improve the objective response

rate (ORR 94.7%) and R0 resection rate (63.0%) of patients (35). In

addition, TACE and apatinib can also promote tumor immunity

and improve the efficacy of ICI in various ways. Still, there is no

report of the combined use of the three treatments.

This single-arm, single-center, retrospective study showed that

TACE combined with apatinib and carrelizumab in the treatment of
FIGURE 2

Kaplan–Meier curve for OS in all patients of cohort. (OS, overall survival; CI, confidence interval).
TABLE 2 Univariate Cox proportional hazards regression model analysis for OS.

Univariate analysis Multivariate analysis

HR 95% CI P-value HR 95% CI P-value

Age group(years) (<65 vs ≥65) 4.445 1.865-10.592 0.001 4.743 1.674-13.440 0.003

Sex (Male vs. Female) 1.047 0.247-4.448 0.95

ECGO PS 12.066 3.890-37.430 0.001 1.919 0.783-4.704 0.154

RBC 1.11 0.531-2.321 0.781

WBC 0.935 0.448-1.948 0.857

Hb 1.774 0.800-3.932 0.158

Comorbidities 2.686 1.044-6.910 0.04 0.806 0.255-2.545 0.713

Number of TACE (<2 vs ≥2) 2.184 1.006-4.741 0.048 0.995 0.399-2.484 0.992

Organs with metastases 12.647 3.552-45.036 0.001 20.916 4.094-106.808 0.001
fro
ECOG PS, Eastern Cooperative Oncology Group Performance Status; RBC, red blood cell; Hb, hemoglobin; WBC, white blood cell; TACE, transcatheter arterial chemoembolization.
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unresectable advanced G/GEJ cancer, the median overall survival

was 20.0 months (95% CI 13.6-26.4), the objective response rate was

61.22%, and the disease control rate was 97.96%. Through Cox

multivariate regression analysis, we found that age and multiple

distant metastases were independent risk factors affecting the

prognosis of patients. In the REGONIVO trial, nivolumab

combined with regorafenib for advanced GC patients, the median

PFS was 5.6 months, and the median OS was 12.3 months, ORR was

44% (36); in the second-line treatment of advanced G/GEJ cancer, a

patient with camrelizumab plus apatinib plus S-1, ORR was 29.2%,

median PFS was 6.5 months (37); in untreated advanced GC

patients, camrelizumab plus CAPOX for 4-6 cycles after

camrelizumab induced no disease progression, the median OS

was 14.9 months (95% CI, 13.0-18.6), and ORR was 58.3% (28/

48; 95% CI, 43.2-72.4) (18). In a single-armed, phase II, exploratory

trial (NCT03878472), Complete and major pathological response

rates are 15.8% and 26.3% for cariolizumab in combination with

apatinib and chemotherapy for locally advanced gastric cancer,

respectively (38). Our results are better than those of the above

studies, which may indirectly prove that TACE combined with anti-
Frontiers in Oncology 06
angiogenesis drugs and immune checkpoint inhibitors has the

advantage of treating unresectable advanced G/GEJ cancer. In

fact, TACE combined with apatinib and camrelizumab for the

treatment of malignant tumors has a sufficient theoretical basis.

Firstly, TACE can deliver high-concentration chemotherapeutic

drugs directly to the tumor site and slowly release and kill tumor

cells and tissues. In addition, embolization materials can also block

the nutrient arteries of the tumor, causing tumor ischemia and

hypoxia necrosis, releasing tumor antigens, increasing the

expression of PD-1/PD-L1, and enhancing the tumor’s response

to ICI drugs. Secondly, apatinib can highly selectively bind and

strongly inhibit VEGFR2, reduce tumor angiogenesis, further

inhibit recurrence and metastasis caused by tumor hypoxia after

TACE surgery, and apatinib can also regulate immune suppression

through anti-angiogenesis, enhance the antitumor activity of ICI

drugs, and effectively reduce the RCCEP induced by camrelizumab,

all of which can improve the clinical benefit of patients (12–14, 26,

28, 29).

This study showed that TACE combined with apatinib and

camrelizumab for the treatment of advanced unresectable G/GEJ

cancer has excellent safety, most AE were classified as grade 1-2, the

most common of which was RCCEP (69.39%), and grade 3, 4 AEs

were 5 cases (10.20%). There was no TACE-related digestive tract

bleeding and perforation, which was similar to previous reports,

indicating that TACE still has high safety when used in hollow

organs (7, 35).
5 Limitation

This study has several limitations. First, this study is a single-

arm,single-center, retrospective study with a small population,

which may reduce the study’s statistical power. Secondly, some

patients did not receive long-term regular treatment with apatinib
TABLE 3 Summary of tumor response based on RECIST 1.1.

Tumor response All patients (n=49, %)

CR 2 4.08%

PR 28 57.14%

SD 18 36.73%

PD 1 2.04%

ORR(CR+PR) 30 61.22%

DCR(CP+PR+SD) 48 97.96%
RECIST, Response Evaluation Criteria in Solid Tumors; CR, complete response; PR, partial
response; SD, stable disease; PD, progressive disease; ORR, objective response rate; DCR,
disease control rate.
FIGURE 3

Responses in all 49 patients were assessed according to RECIST v1.1, the best responses of target lesions from baseline in each patient (Each vertical
line represents an individual patient).
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plus camrelizumab after TACE treatment because of their family’s

economic difficulties and high drug prices. Thirdly, in addition to

13 patients who completed radical surgery, some patients still have

the opportunity to receive radical surgery, they give up surgery due

to personal reasons or economic conditions, which leads to the

limited reference significance of the radical surgery rate in this

study. Finally, the follow-up time is relatively short, and some

patients have not observed the endpoint events. Therefore, further

prospective studies or larger sample size randomized controlled

trials are needed to verify these results.
6 Conclusion

In conclusion, this study demonstrates that the combination of

TACE with Apatinib and Camrelizumab is a safe and effective

treatment for advanced unresectable G/GEJ cancer. It greatly

enhances patients’ median OS and ORR, while the AEs are

manageable and well-tolerated. This combination therapy offers

an effective neoadjuvant treatment option for patients with

unresectable G/GEJ cancer, potentially enabling surgical

intervention. In the future, further research can be conducted to

delve into the specific molecular mechanisms of TACE combined

with Apatinib and Camrelizumab treatment. This will help generate

more rational and reliable data, as well as theoretical support for

clinical practice.
Frontiers in Oncology 07
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TABLE 4 Treatment-related adverse events.

n (%)
n=49

All grade Grade≥3

Fever 27 (55.10%) 1 (2.04%)

Nausea and vomiting 24 (48.98%) 0

Pain 25 (51.02%) 0

Hand-foot skin reaction 15 (30.61%) 0

Hypertension 10 (20.41%) 1 (2.04%)

Fatigue 12 (24.49%) 0

Mouth ulcers 1 (2.04%) 0

Proteinuria 10 (20.41%) 0

Hypothyroidism 2 (4.08%) 0

Hyperthyroidism 5 (10.20%) 0

diarrhea 13 (26.53%) 2 (4.08%)

abdominal distension 8 (16.33%) 0

RCCEP 34 (69.39%) 0

Hemorrhage, upper GI 2 (4.08%) 0

Leukopenia 20 (40.82%) 0

Thrombocytopenia 25 (51.02%) 1 (2.04%)

Anemia 29 (59.18%) 0
RCCEP, reactive cutaneous capillary endothelial proliferation.
frontiersin.org

https://doi.org/10.3389/fonc.2023.1143578
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Wu et al. 10.3389/fonc.2023.1143578
References
1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global
cancer statistics 2020: GLOBOCAN estimates of incidence andmortality worldwide for 36
cancers in 185 countries. CA Cancer J Clin (2021) 71(3):209–49. doi: 10.3322/caac.21660

2. Zong L, Abe M, Seto Y, Ji J. The challenge of screening for early gastric cancer in
China. Lancet (2016) 388(10060):2606. doi: 10.1016/s0140-6736(16)32226-7

3. Ren W, Yu J, Zhang ZM, Song YK, Li YH, Wang L. Missed diagnosis of early
gastric cancer or high-grade intraepithelial neoplasia. World J Gastroenterol (2013) 19
(13):2092–6. doi: 10.3748/wjg.v19.i13.2092

4. Chen W, Zheng R, Baade PD, Zhang S, Zeng H, Bray F, et al. Cancer statistics in
China, 2015. CA Cancer J Clin (2016) 66(2):115–32. doi: 10.3322/caac.21338

5. Lordick F, Carneiro F, Cascinu S, Fleitas T, Haustermans K, Piessen G, et al.
Gastric cancer: ESMO Clinical Practice Guideline for diagnosis, treatment and follow-
up. Ann Oncol (2022) 33(10):1005–20. doi: 10.1016/j.annonc.2022.07.004

6. Chevallay M, Bollschweiler E, Chandramohan SM, Schmidt T, Koch O,
Demanzoni G, et al. Cancer of the gastroesophageal junction: a diagnosis,
classification, and management review. Ann New York Acad Sci (2018) 1434(1):132–
8. doi: 10.1111/nyas.13954

7. Li N, Wang G, Duan G, Li Z, Zheng Y, Wang Z, et al. Clinical observation of
transcatheter arterial chemoembolization in super-aged patients with advanced gastric
cancer. Support Care Cancer (2022) 30(2):1441–50. doi: 10.1007/s00520-021-06565-3

8. Dejima I, Hori A, Nakamura T, Hori S, Sonomura T, Tedokon Y. Transarterial
chemoembolization for unresectable gastric cancer in the esophago-gastric junction-A
case report. Gan To Kagaku Ryoho (2022) 49(3):321–3.

9. Li Z, Ji K, Bai L, Wang C, Hu Y, Shi Y, et al. A novel application of drug-eluting
transarterial chemoembolization in treating non-liver cancers. Med (Baltimore) (2020)
99(31):e20878. doi: 10.1097/md.0000000000020878

10. Kishore SA, Bajwa R, Madoff DC. Embolotherapeutic strategies for
hepatocellular carcinoma: 2020 update. Cancers (Basel) (2020) 12(4):791.
doi: 10.3390/cancers12040791

11. Wu Z-F, Cao Q-H, Wu X-Y, Chen C, Xu Z, Li W-S, et al. Regional Arterial
Infusion Chemotherapy improves the Pathological Response rate for advanced gastric
cancer with Short-term Neoadjuvant Chemotherapy. Sci Rep (2015) 5(1):17516.
doi: 10.1038/srep17516

12. Liu P, Chen J, Zhao L, Hollebecque A, Kepp O, Zitvogel L, et al. PD-1 blockade
synergizes with oxaliplatin-based, but not cisplatin-based, chemotherapy of gastric
cancer. Oncoimmunology (2022) 11(1):2093518. doi: 10.1080/2162402x.2022.2093518

13. Schicho A, Hellerbrand C, Krüger K, Beyer LP, Wohlgemuth W, Niessen C, et al.
Impact of different embolic agents for Transarterial Chemoembolization (TACE)
procedures on systemic Vascular Endothelial Growth Factor (VEGF) levels. J Clin
Transl Hepatol (2016) 4(4):288–92. doi: 10.14218/jcth.2016.00058

14. Xiong ZP, Yang SR, Liang ZY, Xiao EH, Yu XP, Zhou SK, et al. Association
between vascular endothelial growth factor and metastasis after transcatheter arterial
chemoembolization in patients with hepatocellular carcinoma. Hepatobiliary Pancreat
Dis Int (2004) 3(3):386–90.

15. Sharma P, Allison JP. Immune checkpoint targeting in cancer therapy: toward
combination strategies with curative potential. Cell (2015) 161(2):205–14. doi: 10.1016/
j.cell.2015.03.030

16. Markham A, Keam SJ. Camrelizumab: first global approval. Drugs (2019) 79
(12):1355–61. doi: 10.1007/s40265-019-01167-0

17. Tang Z, Wang Y, Liu D, Wang X, Xu C, Yu Y, et al. The Neo-PLANET phase II
trial of neoadjuvant camrelizumab plus concurrent chemoradiotherapy in locally
advanced adenocarcinoma of stomach or gastroesophageal junction. Nat Commun
(2022) 13(1):6807. doi: 10.1038/s41467-022-34403-5

18. Peng Z, Wei J, Wang F, Ying J, Deng Y, Gu K, et al. Camrelizumab combined
with chemotherapy followed by camrelizumab plus apatinib as first-line therapy for
advanced gastric or gastroesophageal junction adenocarcinoma. Clin Cancer Res (2021)
27(11):3069–78. doi: 10.1158/1078-0432.Ccr-20-4691

19. Janjigian YY, Shitara K, Moehler M, Garrido M, Salman P, Shen L, et al. First-
line nivolumab plus chemotherapy versus chemotherapy alone for advanced gastric,
gastro-oesophageal junction, and oesophageal adenocarcinoma (CheckMate 649): a
randomised, open-label, phase 3 trial. Lancet (2021) 398(10294):27–40. doi: 10.1016/
S0140-6736(21)00797-2

20. Tian L, Goldstein A, Wang H, Ching Lo H, Sun Kim I, Welte T, et al. Mutual
regulation of tumour vessel norMalization and immunostimulatory reprogramming.
Nature (2017) 544(7649):250–4. doi: 10.1038/nature21724
Frontiers in Oncology 08
21. Chowdhury PS, Chamoto K, Honjo T. Combination therapy strategies for
improving PD-1 blockade efficacy: a new era in cancer immunotherapy. J Internal
Med (2017) 283(2):110–20. doi: 10.1111/joim.12708

22. Nakajima TE, Kadowaki S, Minashi K, Nishina T, Yamanaka T, Hayashi Y, et al.
Multicenter phase I/II study of nivolumab combined with paclitaxel plus ramucirumab
as second-line treatment in patients with advanced gastric cancer. Clin Cancer Res
(2021) 27(4):1029–36. doi: 10.1158/1078-0432.CCR-20-3559

23. Roviello G, Ravelli A, Polom K, Petrioli R, Marano L, Marrelli D, et al. Apatinib:
A novel receptor tyrosine kinase inhibitor for the treatment of gastric cancer. Cancer
Lett (2016) 372(2):187–91. doi: 10.1016/j.canlet.2016.01.014

24. Li J, Qin S, Xu J, Xiong J, Wu C, Bai Y, et al. Randomized, double-blind, placebo-
controlled phase III trial of apatinib in patients with chemotherapy-refractory
advanced or metastatic adenocarcinoma of the stomach or gastroesophageal
junction. J Clin Oncol (2016) 34(13):1448–54. doi: 10.1200/jco.2015.63.5995

25. Wang FH, Zhang XT, Li YF, Tang L, Qu XJ, Ying JE, et al. The Chinese Society of
Clinical Oncology (CSCO): Clinical guidelines for the diagnosis and treatment of
gastric cancer, 2021. Cancer Commun (Lond) (2021) 41(8):747–95. doi: 10.1002/
cac2.12193

26. Ohm JE, Gabrilovich DI, Sempowski GD, Kisseleva E, Parman KS, Nadaf S,
et al. VEGF inhibits T-cell development and may contribute to tumor-induced
immune suppression. Blood (2003) 101(12):4878–86. doi: 10.1182/blood-2002-07-
1956

27. Kawazoe A, Fukuoka S, Nakamura Y, Kuboki Y, Wakabayashi M, Nomura S,
et al. Lenvatinib plus pembrolizumab in patients with advanced gastric cancer in the
first-line or second-line setting (EPOC1706): an open-label, single-arm, phase 2 trial.
Lancet Oncol (2020) 21(8):1057–65. doi: 10.1016/S1470-2045(20)30271-0

28. Shigeta K, Datta M, Hato T, Kitahara S, Chen IX, Matsui A, et al. Dual
programmed death receptor-1 and vascular endothelial growth factor receptor-2
blockade promotes vascular norMalization and enhances antitumor immune
responses in hepatocellular carcinoma. Hepatology (2020) 71(4):1247–61.
doi: 10.1002/hep.30889

29. Zhang JX, Chen P, Liu S, Zu QQ, Shi HB, Zhou CG. Safety and efficacy of
transarterial chemoembolization and immune checkpoint inhibition with
camrelizumab for treatment of unresectable hepatocellular carcinoma. J Hepatocell
Carcinoma (2022) 9:265–72. doi: 10.2147/jhc.S358658

30. Liu H, Li Y, Yao Y, Chen K, Gan J. Meta-analysis of efficacy and safety of
karelizumab combined with apatinib in the treatment of advanced gastric cancer. Dis
Markers (2022) 2022:6971717. doi: 10.1155/2022/6971717

31. Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D, Ford R, et al.
New response evaluation criteria in solid tumours: revised RECIST guideline (version
1.1). Eur J Cancer (2009) 45(2):228–47. doi: 10.1016/j.ejca.2008.10.026

32. Smyth EC, Nilsson M, Grabsch HI, van Grieken NC, Lordick F. Gastric cancer.
Lancet (2020) 396(10251):635–48. doi: 10.1016/s0140-6736(20)31288-5

33. Vogl TJ, Naguib NN, Nour-Eldin NE, Rao P, Emami AH, Zangos S, et al. Review
on transarterial chemoembolization in hepatocellular carcinoma: palliative, combined,
neoadjuvant, bridging, and symptomatic indications. Eur J Radiol (2009) 72(3):505–16.
doi: 10.1016/j.ejrad.2008.08.007

34. Health Commission Of The People's Republic Of China N. National guidelines
for diagnosis and treatment of gastric cancer 2022 in China (English version). Chin J
Cancer Res (2022) 34(3):207–37. doi: 10.21147/j.issn.1000-9604.2022.03.04

35. Zhaoran S, Min K, Kuanshan S, Kunfeng L, Guihe W. S-1 combined with
apatinib and trans-arterial chemotherapy and embolization for conversion therapy of
unresectable locally advanced gastric cancer. J Surg Res (2022) 270:162–8. doi: 10.1016/
j.jss.2021.09.012

36. Fukuoka S, Hara H, Takahashi N, Kojima T, Kawazoe A, Asayama M, et al.
Regorafenib plus nivolumab in patients with advanced gastric or colorectal cancer: an
open-label, dose-escalation, and dose-expansion phase ib trial (REGONIVO,
EPOC1603). J Clin Oncol (2020) 38(18):2053–61. doi: 10.1200/jco.19.03296

37. Jing C, Wang J, Zhu M, Bai Z, Zhao B, Zhang J, et al. Camrelizumab combined
with apatinib and S-1 as second-line treatment for patients with advanced gastric or
gastroesophageal junction adenocarcinoma: a phase 2, single-arm, prospective study.
Cancer Immunol Immunother (2022) 71(11):2597–608. doi: 10.1007/s00262-022-
03174-9

38. Li S, Yu W, Xie F, Luo H, Liu Z, Lv W, et al. Neoadjuvant therapy with immune
checkpoint blockade, antiangiogenesis, and chemotherapy for locally advanced gastric
cancer. Nat Commun (2023) 14(1):8. doi: 10.1038/s41467-022-35431-x
frontiersin.org

https://doi.org/10.3322/caac.21660
https://doi.org/10.1016/s0140-6736(16)32226-7
https://doi.org/10.3748/wjg.v19.i13.2092
https://doi.org/10.3322/caac.21338
https://doi.org/10.1016/j.annonc.2022.07.004
https://doi.org/10.1111/nyas.13954
https://doi.org/10.1007/s00520-021-06565-3
https://doi.org/10.1097/md.0000000000020878
https://doi.org/10.3390/cancers12040791
https://doi.org/10.1038/srep17516
https://doi.org/10.1080/2162402x.2022.2093518
https://doi.org/10.14218/jcth.2016.00058
https://doi.org/10.1016/j.cell.2015.03.030
https://doi.org/10.1016/j.cell.2015.03.030
https://doi.org/10.1007/s40265-019-01167-0
https://doi.org/10.1038/s41467-022-34403-5
https://doi.org/10.1158/1078-0432.Ccr-20-4691
https://doi.org/10.1016/S0140-6736(21)00797-2
https://doi.org/10.1016/S0140-6736(21)00797-2
https://doi.org/10.1038/nature21724
https://doi.org/10.1111/joim.12708
https://doi.org/10.1158/1078-0432.CCR-20-3559
https://doi.org/10.1016/j.canlet.2016.01.014
https://doi.org/10.1200/jco.2015.63.5995
https://doi.org/10.1002/cac2.12193
https://doi.org/10.1002/cac2.12193
https://doi.org/10.1182/blood-2002-07-1956
https://doi.org/10.1182/blood-2002-07-1956
https://doi.org/10.1016/S1470-2045(20)30271-0
https://doi.org/10.1002/hep.30889
https://doi.org/10.2147/jhc.S358658
https://doi.org/10.1155/2022/6971717
https://doi.org/10.1016/j.ejca.2008.10.026
https://doi.org/10.1016/s0140-6736(20)31288-5
https://doi.org/10.1016/j.ejrad.2008.08.007
https://doi.org/10.21147/j.issn.1000-9604.2022.03.04
https://doi.org/10.1016/j.jss.2021.09.012
https://doi.org/10.1016/j.jss.2021.09.012
https://doi.org/10.1200/jco.19.03296
https://doi.org/10.1007/s00262-022-03174-9
https://doi.org/10.1007/s00262-022-03174-9
https://doi.org/10.1038/s41467-022-35431-x
https://doi.org/10.3389/fonc.2023.1143578
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Transcatheter arterial chemoembolization combined with apatinib and camrelizumab for unresectable advanced gastric or gastroesophageal junction cancer: a single-arm, single-center, retrospective study
	1 Introduction
	2 Materials and methods
	2.1 Patients
	2.2 Treatment protocol
	2.3 Study endpoints
	2.4 Statistical methods

	3 Results
	3.1 Patient demographics
	3.2 Efficacy
	3.3 Safety

	4 Discussion
	5 Limitation
	6 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


