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as a possible indicator of the
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reports and literature review
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The posterior line treatment of unresectable advanced or metastatic

gastrointestinal (GI) tumors has always been a challenging point. In particular,

for patients with microsatellite stable (MSS)/mismatch repair proficient (pMMR)

0GI tumors, the difficulty of treatment is exacerbated due to their insensitivity to

immune drugs. Accordingly, finding a new comprehensive therapy to improve

the treatment effect is urgent. In this study, we report the treatment histories of

three patients with MSS/pMMR GI tumors who achieved satisfactory effects by

using a comprehensive treatment regimen of apatinib combined with

camrelizumab and TAS-102 after the failure of first- or second-line regimens.

The specific contents of the treatment plan were as follows: apatinib (500 mg/d)

was administered orally for 10 days, followed by camrelizumab (200 mg, ivgtt,

day 1, 14 days/cycle) and TAS-102 (20 mg, oral, days 1–21, 28 days/cycle).

Apatinib (500 mg/d) was maintained during treatment. Subsequently, we discuss

the possible mechanism of this combination and review the relevant literature,

and introduce clinical trials on anti-angiogenesis therapy combined

with immunotherapy.
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1 Introduction

Gastrointestinal (GI) cancer is one of the most common cancers

worldwide. From a global point of view, the incidence rate of GI

tumors is all in the anterior position of tumors. Specifically, the

incidence rate of colorectal cancer (CRC) accounts for about 10% of

the total cases, ranking third in the world (1), whereas the incidence

rate of gastric cancer (GC) accounts for 5.6% of the total cases,

ranking fifth in the world (1). Recent advancements in the

understanding of molecular biology and pathophysiology of

gastroenteric cancer have increased the treatment option for

advanced GI tumors. Treatments include extensive surgery, radio-

frequency ablation, transcatheter arterial chemoembolization,

stereotactic body radiation therapy, palliative chemotherapy,

targeted therapy, and immunotherapy (2). These new treatments

have significantly improved the overall survival (OS) rate of patients

with advanced GC or CRC (3–7). For patients with advanced GI

tumors suitable for surgery, resection is still the best way to achieve

long-term survival. However, the prognosis of advanced GI tumors

remains poor because of the high recurrence rate. According to

previous studies, for patients undergoing radical resection of CRC,

the postoperative recurrence rate or metastasis rate can reach

15.2%–25.7% (8–10). For patients with GC undergoing radical

resection, about 38.8%–58.9% of patients with GC will still have

postoperative recurrence or metastasis (11–13). This type of

patients with postoperative recurrence or metastasis has always

been difficult to treat. In recent years, various new immune drugs

have emerged. Immune drugs based on programmed cell death

protein-1 (PD-1)/programmed death-ligand 1 (PD-L1) blockade

provide a new choice for the treatment of patients with

postoperative recurrence or metastasis of GI tumors. However,

most patients do not respond to PD-1/PD-L1 blockade, and some

responders also develop acquired drug resistance after the initial

response (14). Despite this, multiple studies have indicated that

combining the treatment of anti-angiogenesis agents and PD-1/PD-

L1 antibodies achieves synergistic effects on different types of cancer

(15, 16), bringing hope to patients with advanced cancer. In the

present case report, we discuss the treatment of three patients with

microsatellite stable (MSS) advanced GI tumors. After the failure of

the first- and second-line chemotherapy regimen, they were given
Abbreviations: GI, gastrointestinal; MSS, microsatellite stable; pMMR, mismatch

repair proficient; CRC, colorectal cancer; GC, gastric cancer; OS, overall survival;

PD-1, programmed cell death protein-1; PD-L1, programmed death-ligand 1;

MRI, magnetic resonance imaging; XELOX, capecitabine and oxaliplatin; PET,

positron emission tomography; CT, computed tomography; MDT,

multidisciplinary treatment; CEA, carcinoembryonic antigen; CRP, C-reactive

protein; VEGFR, vascular endothelial growth factor receptor; TME, tumor

microenvironment; CTLs, cytotoxic T lymphocytes; FTD, trifluridine; TPI,

tipiracil hydrochloride; PFS, progression-free survival; NK, natural killer;

VEGF, vascular endothelial growth factor; DCs, dendritic cells; MDSCs,

myeloid-derived suppressor cells; INF-g, interferon -g; TNF-a, tumor necrosis

factor -a; Tregs, regulatory T cells; IL, interleukin; MDR, multidrug resistance;

OR, objective response; TLR, toll-like receptor; ORR, objective response rate;

mCRC, metastatic colorectal cancer.
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the combined treatment regimen of apatinib plus camrelizumab

and TAS-102, ultimately achieving satisfactory treatment results.
2 Case representation

2.1 Patient 1

A 47-year-old man was first diagnosed with transverse colon

cancer with simultaneous liver metastasis in June 2018. On July

22nd, 2018, the patient received a radical resection of transverse

colon cancer, liver section 5 and 6 segmental, and a

cholecystectomy. Postoperative pathological analysis showed a

diagnosis of moderately differentiated adenocarcinoma, consistent

with the preoperative diagnosis, and the pathological staging was

pT4aN2aM1a, IVA. After surgery, the patient received a 500 mg/

day apatinib single-drug maintenance treatment. On September

27th, 2018, the re-examination of the patient’s liver by magnetic

resonance imaging (MRI) revealed multiple metastases of the

remnant liver (Figure 1A). A capecitabine and oxaliplatin

(XELOX) 21-day treatment was then applied for two rounds.

Four months after the surgery, re-examination by positron

emission tomography (PET)–computed tomography (CT) scan

showed low-density nodules in the remnant liver (Figures 1B–D).

After multidisciplinary treatment (MDT) discussion, a combined

treatment regimen was performed on 2018/12/2. In particular,

apatinib (500 mg/d) was administered orally for 10 days, followed

by camrelizumab (200 mg, ivgtt, day 1, 14 days/cycle) and TAS-102

(20 mg, oral, days 1–21, 28 days/cycle). Apatinib (500 mg/d) was

maintained during treatment. After five times of combined

treatment regimen, the carcinoembryonic antigen (CEA) level

decreased from 188.7 ng/ml to 17.1 ng/ml. During the first cycle

of treatment, the patient showed obvious systemic acute

inflammatory reactions such as skin rash and oral ulcer

(Figure 2). On 2019/3/25, MRI of the patient’s liver showed that

the shape of the remnant liver was similar to that of the former one,

and most of the primary metastases shrunk or disappeared

(Figures 3A–C).
2.2 Patient 2

A 68-year-old male patient was diagnosed with gastric antral

adenocarcinoma (cT4aN2M0-1) by abdominal CT, pelvic CT, and

gastroscopy in a local hospital. In February 2019, the patient received

palliative distal gastrectomy in a local hospital. Postoperative

pathological analysis showed a diagnosis of moderately differentiated

adenocarcinoma, consistent with the preoperative diagnosis, and

pathological staging was pT4bN3bM1, IVA. Postoperative

chemotherapy was administered by using XELOX regimen. After

discharge, the patient began to have symptoms of nocturnal back pain,

frequent vomiting, and long and irregular defecation time. The patient

came to our hospital on July 8, 2019. PET-CT scan in our hospital

showed that the tumor recurred at the anastomotic site with multiple

peritoneal metastases (Figure 4). After MDT discussion, a combined

treatment regimen was performed on 2019/7/10. In particular,
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apatinib (500 mg/d) was administered orally for 10 days, followed by

camrelizumab (200 mg, ivgtt, day 1, 14 days/cycle) and TAS-102 (20

mg, oral, days 1–21, 28 days/cycle). Apatinib (500 mg/d) was

maintained during treatment. After the second cycle of combined

treatment, the patient had inflammatory side effects such as rash and

blister (Figure 5). By November 2019, we had completed five courses

of treatment. At this time, PET-CT showed that the abdominal

metastasis disappeared (Figures 6A–C). After the beginning of each

cycle of treatment, C-reactive protein (CRP) increased significantly

and returned to normal after the end of this combined treatment,

accompanied by a rapid decrease in CA125 (Table 1). Considering the

patient’s tolerance and the cumulative effect of chemotherapy-drug

toxicity, the follow-up protocol was changed to camrelizumab (200

mg, ivgtt, day 1, 14 days/cycle) plus apatinib (500mg/d, oral). Ten

cycles of maintenance therapy were administered from November
Frontiers in Oncology 03
2019 to May 2020. PET-CT was performed on April 19, 2020

(Figures 6D–F), and no obvious recurrence or metastasis was found.
2.3 Patient 3

A 56-year-old male patient was diagnosed with moderately

differentiated adenocarcinoma of the sigmoid colon in October

2019. On October 16th, 2019, the patient received a laparoscopic

radical resection of sigmoid colon cancer. Postoperative

pathological analysis showed a diagnosis of ulcerative moderately

differentiated adenocarcinoma, consistent with the preoperative

diagnosis, and the pathological staging was pT4N2aM0, IIIC. On

November 25th, 2019, the patient was treated with Capeox regimen.

In particular, oxaliplatin (130 mg/m2 of body surface area, ivgtt
A

B

D

C

FIGURE 1

Re-examination of liver by MRI and PET-CT. (A) After the operation, liver MRI showed that the liver structure changed and metastatic nodules
formed. The structure of the operation area became disordered, as shown in the shadow of the drainage tube (indicated by the blue arrow). The
local signal was chaotic, and the enhancement was obvious. The remnant liverMRI of the liver had three round nodules. The larger one located in
the left liver was about 1.8 cm × 1.4 cm (indicated by the red arrow in the left picture). A smaller one located in the right lobe was about 0.89 cm in
diameter (indicated by the red arrow in the right picture). (B-D) PET-CT scan showed low-density nodules with sizes of 1.7 cm × 1.0 cm (B), 0.8 cm
× 0.8 cm (C), and 1.5 cm × 1.4 cm (D). The nodules are indicated by red arrows.
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once a day on day 1) and capecitabine (875 mg/m2 of body surface

area, orally twice a day on days 1–14, 21 days/cycle) were

administered. On June 18th, 2020, the patient was re-examined

by PET-CT, revealing multiple metastases of the liver and

retroperitoneal lymph node. This indicated that the first-line

chemotherapy regimen had failed. On July 17th, 2020, we

changed the medicament regimens to the following: cetuximab

(dosage 400 mg/m2 of body surface area, ivgtt for 120 min in first

cycle, and then decreased to 250 mg/m2 of body surface area, ivgtt

for 60 min; 21 days/cycle) plus FOLFIRI (irinotecan 180 mg/m2 of

body surface area plus calcium folinate 400 mg/m2 of body surface

area, ivgtt once a day on days 1–2, 14 days/cycle; 5-FU 400 mg/m2

of body surface area, iv in first cycle, and then 1200 mg/m2 of body

surface area, ivgtt over 22 h, 14 days/cycle). On February 22nd,

2021, MRI re-examination showed tumor progression again

(Figure 7A). After MDT discussion, a combined treatment

regimen was performed on 2021/2/24. In particular, apatinib (500

mg/d) was administered orally for 10 days, followed by
Frontiers in Oncology 04
camrelizumab (200 mg, ivgtt, day 1, 14 days/cycle) and TAS-102

(20 mg, oral, days 1–21, 28 days/cycle). Apatinib (500 mg/d) was

maintained during treatment. On the third day after the use of

camrelizumab, the patient developed a marked skin rash (Figure 8)

accompanied by oral ulcers, hoarseness, and elevated CRP. In the

course of CRP elevation, the CEA level of the patient decreased

(Figure 9). After four cycles of the protocol, the CEA level decreased

significantly (Figure 10). On May 8th, 2021, MRI re-examination

showed that the multiple metastatic tumors in the right lobe and left

medial lobe of the liver and the retroperitoneal and para-aortic

lymph nodes significantly shrunk compared with the last

MRI (Figure 7B).
3 Discussion

The treatment of MSS/mismatch repair proficient (pMMR)

advanced GI tumors remains under exploration. The feature
FIGURE 2

Skin rash were observed during the first cycle of combinative treatment. Skin rashes were observed in the front abdomen (A), calf (B), and neck (C).
FIGURE 3

After five cycles of combinative treatment, MRI of the patient liver showed that liver metastasis sites diminished or disappeared. (A) The metastatic
nodule in the left outer upper segment of the liver diminished (the red arrow showed the position of the previous nodule; Figure 3A); (B) The
metastatic nodule in the center of the right upper liver diminished (the blue arrow showed the position of the previous nodule; Figure 3B); (C) The
metastatic nodules under the capsule disappeared (Figure 3C).
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of this series of cases was that after the failure of the original

chemotherapy regimen, the patients with MSS/pMMR advanced GI

tumors were treated using apatinib combined with camrelizumab,

which induced a systemic inflammatory response (characterized by

sharply increased CRP and emergence of systemic rash, oral ulcer,

and gingivitis), and further combination with chemotherapy

achieved good results. Patients 1 and 3 achieved partial response,

and patient 2 achieved complete response. The reason for the good

therapeutic effect may be related to the mechanism of targeted

therapy combined with immunotherapy and chemotherapy.
Frontiers in Oncology 05
Moreover, we suspect that it may also be related to the

inflammatory response caused by combined treatment.
3.1 Treatment plan for this series of cases

Apatinib is an oral small-molecule anti-angiogenesis drug that

can selectively inhibit vascular endothelial growth factor receptor

(VEGFR)-2 and slightly inhibit the activities of c-kit proto-

oncogene protein and c-src tyrosine kinase (17). Apatinib can
FIGURE 4

Pet-CT showed tumor recurrence at anastomosis with multiple peritoneal metastases.
FIGURE 5

After the second cycle of combinative treatment, systemic inflammatory symptoms worsened and blisters appeared: (A), lower limb rash and blister;
and (B), aggravation of neck rash and blister.
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inhibit the VEGFR2/STAT3/Bcl-2 signaling pathway and increase

the expression of beclin-1 in vivo, thereby inducing autophagy and

apoptosis of tumor cells (18). Additionally, the administration of

apatinib at low doses can alleviate hypoxia, increase the infiltration

of CD8+ T cells, reduce the recruitment of tumor-associated

macrophages, and lower the level of transforming growth factor-b
in both tumor and serum, thereby changing the tumor

microenvironment (TME) and enhancing the activity of

anticancer drugs (19). In 2014, the drug was approved and listed

in China to treat patients with advanced gastric adenocarcinoma or

gastric esophageal junction adenocarcinoma who had progressed or

relapsed after receiving at least two kinds of systematic

chemotherapy. Currently, phase II/III clinical trials are being

conducted in China, and good clinical results have been achieved

in the treatment of GI tumors (20–23).

Camrelizumab is a humanized anti-PD-1 IgG4 monoclonal

antibody also known as SHR-1210. Camrelizumab can bind to

PD-1 and block the interaction with PD-L1 to prevent the

activation of PD-1 and its downstream signal pathway, and

restore immune function by activating the immune response

against tumor cells or pathogens mediated by cytotoxic T

lymphocytes (CTLs) (24). In 2019, camrelizumab was approved

by the State Drug Administration of China for the treatment of

recurrent or refractory classical Hodgkin’s lymphoma (24).
Frontiers in Oncology 06
Currently, many studies in China have reported its clinical

potential in the treatment of different solid tumors (25–27).

TAS-102 is an oral combination drug composed of thymidine

analog trifluridine (FTD) and a new thymine phosphorylase

inhibitor tipiracil hydrochloride (TPI). FTD can replace thymine

in the DNA chain, causing DNA function damage and playing an

antitumor role. FTD also can inhibit the activity of thymidylate

synthase, thereby blocking the pathway of thymidine synthesis from

uracil. TPI can improve the bioavailability of FTD and prolong the

half-life of FTD by inhibiting the activity of thymidine

phosphorylase. TPI can also inhibit the neovascularization

induced by platelet-derived endothelial cell growth factor/

thymidine phosphorylase (28, 29). In multiple clinical trials, TAS-

102 significantly improved the OS and progression-free survival

(PFS) of patients with advanced or metastatic GI tumors compared

with the placebo group (30–33).
3.2 Tumor microenvironment

TME is a complex environment in which tumor cells survive

and develop. It primarily comprises immune cells and their

secretory factors, vascular endothelial cells, mesenchymal-derived

cells, extracellular matrix, and many others (34). The development
FIGURE 6

Pet-CT scan of peritoneal cavity after combinative treatment. (A-C) After 5 cycles of combined therapy, the abdominal metastases disappeared.
(D-F) After 10 cycles of maintenance therapy, no significant recurrence and metastasis were observed.
TABLE 1 Changes in CRP and CA125 before and after five treatment cycles.

Parameter Time First cycle Second cycle Third cycle Fourth cycle Fifth cycle

CRP (ng/ml) 1 day before treatment 2.3 4.5 1.2 2.3 1.2

2 days after treatment 36.3 45.1 3.3 72.8 27.3

CA125 (ng/ml) 1 day before treatment 374.2 211.6 138.5 64.1 23.8

End of this cycle 199.9 127.7 91.4 22.4 17.7
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of scientific technology has enabled different types of cells to be

identified in the microenvironment, such as stromal cells,

fibroblasts, fat cells, vascular endothelial cells, and immune cells

(e.g., T lymphocytes, B lymphocytes, natural killer (NK) cells,

tumor-associated macrophages, and so on) (35). Mesenchymal

cells and fibroblasts can secrete fibroblast growth factor and

vascular endothelial growth factor (VEGF) in the TME to

promote the growth, invasion, and metastasis of malignant tumor

cells (36). Vascular endothelial cells provide oxygen to tumor cells

and synergistically promote tumor growth by inducing the

formation of new blood vessels along with VEGF (37). Adipose

tissue can induce tumorigenesis, progression, and metastasis by

releasing pro-inflammatory factors and extracellular vesicles (38).

Immune cells are the most important defense weapons of the

human body, and they can resist the invasion or infection of

harmful pathogens and eliminate damaged or cancerous cells.

Immune cells in TME include T cells, Treg cells, NK cells,

dendritic cells (DCs), myeloid-derived suppressor cells (MDSCs),

macrophages, and so on (39). Tumor-infiltrating T cells are

important effector cells in the immune system, and they can be

categorized into helper T cells (CD4+ T cells), cytotoxic T cells

(CD8+ T cells) and regulatory T cells (Tregs). CD8+ T cells can

secrete interferon (INF)-g, tumor necrosis factor (TNF)-a, and
Frontiers in Oncology 07
other antitumor factors to induce apoptosis (40). CD4+ T cells

can differentiate into many types of immune cells and play different

roles in immune response (41). Tregs and regulatory B cells are

immunosuppressive cells in the immune system that inhibit the

immune response of T lymphocytes to prevent the damage caused

by the excessive activation of T cells (42, 43). The main function of

NK cells is to exert cytotoxicity, and INF-g, TNF-a, and

granulocyte-macrophage colony-stimulating factor can be

secreted after activation to exert an antitumor effect (44). DCs

can express co-stimulating molecule and innate inflammatory

cytokine to promote Th1 and CTL responses (45). MDSCs are

also a type of immunosuppressive cells that can inhibit the activity

of cytotoxic T cells by producing arginase 1, upregulating nitric

oxide synthase, and reactive oxygen species (46). Neutrophils are

distributed mostly in the peripheral blood, promoting the growth

and metastasis of tumor cells by producing large amounts of

proteases and growth factors (47). Macrophages can be divided

into M1 and M2 macrophages. M1 macrophages have antitumor

properties, which can upregulate pro-inflammatory cytokines such

as interleukin (IL)-1b, IL-12, and TNF-a, and present antigens

through major histocompatibility complex class II molecules. M2

macrophages have tumor-promoting properties, which can secrete

anti-inflammatory factors such as IL-10, reduce the expression of
A B

FIGURE 7

MRI images before and after combinative treatment. (A) Liver MRI metastases before the treatment of apatinib combined with camrelizumab and TAS-
102. The larger one (with a size of about 2.5×1.7 cm) was located in the left medial lobe. The red arrow indicates the primary liver metastases. (B) Liver
MRI metastases after the comprehensive treatment of apatinib combined with camrelizumab and TAS-102. The larger one (a diameter of about 1.0 cm)
was located in the posterior upper segment of the right lobe of liver. The blue arrow indicates that the liver metastases shrunk or disappeared.
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pro-inflammatory factors, and inhibit adaptive immune response

(48). Extracellular matrix is composed of basement membrane and

intercellular matrix. It contains a large number of growth factors,

laminin, acidic substances, collagen, and other components. These

substances promote tumor growth and metastasis by participating

in angiogenesis, selectively passing through small-molecule

substances and promoting matrix sclerosis (49).
3.3 Tumor blood vessels

Tumor blood vessel is an important part of the TME. Its

formation is a crucial step for tumor cell growth, proliferation,

local invasion, and metastasis (50). During the process of tumor

growth, the overexpression of angiogenic factors leads to the

formation of these pathological blood vessels, which provide

necessary nutrition for proliferating cancer cells (51). VEGFRs are

tyrosine kinase receptors that are overexpressed in most solid

tumors and they are commonly considered to be the key factor

affecting tumor angiogenesis (52, 53). The VEGFR family of

proteins mostly comprises three subtypes, namely VEGFR-1

(FMS-like tyrosine kinase-1), VEGFR-2 (kinase insert domain

protein receptor 2), and VEGFR-3 (FMS-like tyrosine kinase-4).

Among them, VEGFR-2 is the primary mediator of VEGF-induced

angiogenesis signaling (54). A study has shown that the TME,

characterized by hypoxia, low pH, and high interstitial fluid

pressure, can reduce the effectiveness of almost all types of

anticancer treatments (55). Therefore, normalizing a certain

indicator of TME may improve the effectiveness of various

treatments (56). Anti-VEGF therapy could prune immature blood

vessels with low pericyte coverage, and normalize blood vessels
FIGURE 8

Development of rash on hands and feet during medication on the
third day after the use of camrelizumab.
FIGURE 9

CEA and CRP expression levels changed during the early stage of treatment using apatinib combined with camrelizumab and TAS-102.
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through active pericyte supplementation (57, 58). Similar changes

in vascular normalization were also observed in glioblastoma

patients treated with VEGFR tyrosine kinase inhibitors (59, 60).

Thus it can be seen that the role of vascular-targeted drugs in

inducing vascularization around tumors has become a

breakthrough in changing the TME. Ramjiawan et al. (61) believe

that a reasonable dose of anti-angiogenesis drugs can temporarily

normalize the tumor vascular system by reducing vascular

permeability and improving tumor blood perfusion. When

combined with immunotherapy during the window of

normalization, a more favorable treatment outcome can be

attained. Accordingly, during the window of vascular

normalization, the administration of immune drugs and

chemotherapy drugs has become a key point for the success of

combination therapy. However, one of the existing challenges is

that the duration of vascular normalization is brief and varies based

on the tumor type and the dosage of antiangiogenic medication

administered (60, 62). In this regard, we observed a special

phenomenon during the treatment of three patients: all three

patients showed inflammatory reactions such as a surge in CRP,

rash, and oral ulcer at different stages after combined treatment.

One study showed that pre-administration of anti-VEGF drugs

before the induction of colitis in mice could exacerbate the

inflammatory response and significantly reduce the vascular

density in the colon at the end of the acute phase of

inflammation (63). Thus, we speculate that the occurrence of a

systemic acute inflammatory response may mean that blood vessels

begin to be in a window of normalization, and that the timing of

drug administration at the transition point between acute and non-

acute phases of the inflammatory response may be more effective.
3.4 Anti-angiogenesis therapy combined
with chemotherapy

Tumor blood vessels are generally hyperpermeable, leading to

the inability of tumor vessels to maintain the gradient of vascular
Frontiers in Oncology 09
and interstitial pressure. This lack of pressure gradient also impairs

the flow of fluid and macromolecules (64). Therefore, normalizing

blood vessels through anti-angiogenesis drugs can provide a crucial

pathway for anticancer drugs to enter the tumor. This has been

confirmed by Tsukihara et al. (65). Their study showed that the

combination of bevacizumab and TAS-102 treatment could

increase the accumulation of FTD in tumors and further promote

its phosphorylation, compared with TAS-102 monotherapy. In

addition, in the process of chemotherapy, tumor cells develop

multidrug resistance (MDR) by increasing drug efflux, reducing

drug uptake, target mutation or other methods (66). The most

common cause of MDR is the overexpression of ATP-binding

cassette transporter bound to cell membrane, which actively

pumps multiple chemotherapeutic drugs out of cancer cells,

thereby reducing their cytotoxicity (67). However, apatinib could

reverse the MDR of tumor by inhibiting the efflux function of ATP-

binding cassette transporters (68). Currently, clinical trials on anti-

angiogenesis drugs combined with chemotherapy for the treatment

of GI tumors have achieved promising results. In a phase II clinical

trial, 90 patients were randomized to combination group (sunitinib

plus FOLFIRI) or single-drug group (sunitinib plus placebo), with

45 people in each group. The result showed that the median OS in

the combination group was significantly longer than that in the

single-drug group (10.4 months vs. 8.9 months) (69). In a phase III

clinical trial reported by Wilke et al. (70), 330 patients received

ramucirumab plus paclitaxel (combination group) and 335 patients

received placebo plus paclitaxel (single-drug group). The median

OS of the combination group was significantly longer than that

of the single-drug group (9.6 months vs. 7.4 months). The

proportion of patients who achieved objective response (OR) in

the combination group was significantly higher than that in the

single-drug group [92/330 (28%) vs. 54/335 (16%)]. The proportion

of patients who achieved disease control in the combination group

was significantly higher than that in the single-drug group [264/330

(80%) vs. 213/335 (64%)]. These results show that antiangiogenic

therapy in combination with chemotherapy can have a better

therapeutic effect.
FIGURE 10

CEA level during treatment using apatinib combined with camrelizumab and TAS-102.
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3.5 Immunotherapy combined
with chemotherapy

The efficacy of chemotherapy is attributed to its cytotoxic effects

and the activation of immune surveillance, which promotes the

development of an immunogenic environment within the tumor

and stimulates the cancer-specific immune response (71).

Immunogenic cell death is a form of cell death induced by

radiotherapy, photodynamic therapy, or some cell inhibitors. When

tumor cells undergo immunogenic cell death, they release a series of

signal molecules called damage-associated molecular patterns (72),

primarily including calreticulin on the cell surface, high mobility

group protein 1secreted by tumor cells, ATP released by cells, and

heat shock proteins (HSP70 and HSP90) (73). The exposure of

calreticulin on the cell surface can stimulate DCs to phagocytize

tumor cells (74). High mobility group protein 1 can induce the

recruitment of CD8+t cells into TME (75). HSPs activate tumor cells

to produce chemokines through the toll-like receptor (TLR)-4

signaling pathway, which attracts DCs and T lymphocytes (76).

Damage-associated molecular patterns can activate DCs through

TLR4 and enhance the induction of antitumor T-cell immune

responses (77). The increased concentration of extracellular ATP

can recruit DCs and T cells into the tumor (78). Chemotherapeutic

drugs can also provide a favorable antitumor immune

microenvironment by directly eliminating Tregs, MDSCs, or M2

macrophages. One study showed that mice with multiple injections of

gemcitabine had a decreased percentage of MDSCs and Tregs in their

spleen and tumor tissue compared to controls treated with

phosphate-buffered saline (79). Additionally, low-dose

cyclophosphamide could deplete Tregs and inhibit its

immunosuppressive activity, as well as inhibit the polarization of

M2 macrophages, thereby interfering with the formation of inhibitory

immune microenvironment (80, 81). Other chemotherapeutic drugs

such as adriamycin, cisplatin, or paclitaxel could increase the

permeability of intracellular granzyme B, rendering tumors more

susceptible to the cytotoxicity of CTLs (82). In a phase II trial, patients

with CRC were administered subcutaneous injection of granulocyte-

macrophage colony-stimulating factor and low-dose IL-2 following

chemotherapy with gemcitabine plus FOLFOX-4 (oxaliplatin,

fluorouracil, and folic acid). Following a median follow-up period

of 12.5 months, the objective response rate (ORR) and disease control

rate was as high as 68.9% and 96.5%, respectively. Detection results of

peripheral blood mononuclear cells in 20 patients showed that the

antigenic immune response of colon cancer was enhanced, and the

inhibitory regulatory T lymphocytes (CD4+ CD25T-reg+) were

significantly reduced (83). These results indicate that the

combination of chemotherapy and immunotherapy can effectively

enhance the immune response and improve treatment outcomes.
3.6 Mechanism of combined application
of anti-angiogenesis therapy
and immunotherapy

Targeted therapies based on anti-angiogenesis drugs are

increasingly applied to the clinical treatment of various tumors. The
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mechanism of immunotherapy combined with anti-angiogenesis

therapy is that it can inhibit angiogenesis and reprogram TME (16).

As early as 2013, Yasuda et al. (84) observed in colon adenocarcinoma

mice that the simultaneous use of anti-PD-1 and anti-VEGFR2

monoclonal antibodies could synergistically inhibit tumor growth in

vivo. Voron et al. (85) found that VEGF-A produced in the TME

could enhance the expression of PD-1 and other inhibitory

checkpoints involved in CD8+ T cell failure, which may be reversed

by relevant vascular-targeted drugs. This finding has been confirmed

by Meder et al. (86). Through a mouse model of small-cell lung

cancer, they discovered that mice with resistance to PD-L1 treatment

showed a significant increase in the expression of exhausted T cells.

However, after undergoing anti-VEGF combined with anti-PD-L1

treatment, the increase in the proportion of exhausted T cells could be

reversed. This shows the efficacy of anti-PD-1 combined with anti-

VEGF therapy in effectively blocking the PD-1/PD-L1 axis and

synergistically suppressing tumor growth. Additionally, the

combination therapy of anti-VEGFR-2 and anti-PD-L1 could also

improve anti-PD-L1 therapy by inducing the production of high

endothelial veins within tumors, promoting the infiltration of CTLs

around high endothelial veins, and enhancing the activity of CTL (87).
3.7 Current status of anti-VEGF/VEGFR
plus anti-PD-1 combined with/without
chemotherapy in the treatment of MSS
gastrointestinal tumors

Preclinical studies have shown the gain effect of vascular-

targeted therapy combined with immunotherapy, but the effect on

patients with MSS GI tumors is unsatisfactory. Eng et al. (88)

reported a phase III study, in which 363 patients with MSS

metastatic colorectal cancer (mCRC) were treated with

atezolizumab plus cobimetinib or atezolizumab monotherapy or

regorafenib monotherapy. Following a median follow-up period of

7.3 months, the median OS, PFS, and ORR of atezolizumab

combined with cobimetinib group was 8.87 months, 1.19 months,

and 3% respectively. The median OS, PFS, and ORR of the

atezolizumab group was 7.10 months, 1.94 months, and 2%

respectively. The median OS, PFS, and ORR of the regorafenib

group was 8.51 months, 2 months, and 2% respectively. Overall, no

significant differences exist in median OS, PFS, and ORR among the

three groups. Cousin et al. (89) reported a clinical trial that among

48 patients with MSS mCRC who received Regorafenib plus

Avelumab combination therapy, none of the patients achieved

OR. Similarly, in a phase II study, 10 patients with MSS mCRC

received shr-1210 (anti-PD-1) combined with apatinib, and none of

patients (0%) achieved OR, and only 2 patients (22.2%) achieved

disease control (90). Although the above studies suggest that

patients with MSS GI tumors may not respond well to anti-

angiogenesis therapy combined with immunotherapy, there are

other studies that have shown good results. In a phase II clinical

trial involving 50 patients (25 with GC and 25 with CRC) treated

with regorafenib, a total of 20 patients (40%) achieved OR,

including 11 patients with GC (44%) and 9 patients with CRC

(36%) (91). Gomez Roca et al. (92) also reported promising results
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from a phase II clinical trial that 32 patients with MSS CRC treated

with lenvatinib plus pembrolizumab and an ORR of 22% was

observed. Additionally, in a phase IB clinical study, vascular-

targeted therapy combined with immunotherapy also showed

exciting antitumor activity. Following the administration of

regorafenib in combination with nivolumab, the ORR achieved

36% (9/25) in 25 patients with MSS mCRC (93). Other clinical trials

also showed different clinical effects (Table 2). The inconsistent

outcomes indicate that the efficacy of anti-angiogenesis therapy

combined with immunotherapy for patients with MSS GI tumors is

still debatable, which may be related to whether the drug is

administered at the time point of vascular normalization.
3.8 Acute inflammation with tumors

Chronic inflammation promotes the growth and invasion of

cancer through factors produced by immune cells (such as

cytokines, growth factors, and reactive oxygen species), which has
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become a basic consensus (102). However, the effects of acute

inflammation on tumors have not been extensively studied. Acute

inflammation is a complex process that is responsible for

controlling tissue damage caused by pathogenic, traumatic, or

toxic injury. This process is closely coordinated by pro-

inflammatory and anti-inflammatory molecules that regulate

chemotaxis, migration, and cell activation. It is characterized by

the rapid recruitment and activation of white blood cells (such as

neutrophils, eosinophils, and NK cells) which infiltrate the inflamed

area to remove the remaining pathogens (103). Hobson et al. (104)

found that breast biopsies could induce the aggregation of

inflammatory cells at the biopsy site of mice with breast cancer,

and the proportion of tumor cell proliferation in the surrounding

area of the biopsy site significantly increased. Furthermore, the mice

that underwent biopsies also showed a significant increase in the

number of new lung metastases. Another study also demonstrated

the promoting effect of acute inflammation on tumor development.

In pancreatic cancer mice with more severe acute inflammatory

response, the expression of snail protein, epithelial cell adhesion
TABLE 2 Summary of clinical trials investigating the use of immunotherapy-based combinations for MSS gastroenteric tumor.

Study Treatment Phase Sample
Size

ORR Median PFS Median OS

Immunotherapy in combination with chemotherapy and anti-VEGF agents

Grothey, A
(94)

FOLFOX + bevacizumab followed by 5-FU + bevacizumab+
atezolizumab vs. 5-FU + bevacizumab

II 297 vs. 148 NR 7.2 vs. 7.39 months 22 vs. 21.9
months

Cremolini,
C (95)

FOLFOX + bevacizumab + atezolizumab vs. FOLFOX +
atezolizumab

III 132 vs. 67 59% vs.
64%

12.9 vs. 11.4
months

NR

Mettu, N
(96)

Capecitabine/bevacizumab + atezolizumab vs. capecitabine/
bevacizumab + placebo

II 82 vs. 46 8.5% VS
4.4%

4.4 vs. 3.6 months 10.3 vs. 10.2
months

Antoniotti,
C (97)

FOLFOX + Bevacizumab + Atezolizumab vs. FOLFOX +
Atezolizumab

II 145 vs 73 NR 13.0 vs 11.0
months

NR

Immunotherapy in combination with antiangiogenic agents

Gomez-
Roca (92)

Pembrolizumab + lenvatinib II 32 22% 2.3 months 7.5 months

Kim, R (93) Nivolumab + regorafenib Ib 25 36% 7.9 months NR

Cousin, S
(89)

Avelumab + regorafenib II 48 0% 3.6 months 10.8 months

Cathy Eng
(88)

Atezolizumab + cobimetinib vs. atezolizumab vs. regorafenib III 183 vs. 90
vs. 90

3% vs. 2%
vs. 2%

1.19 vs. 1.94 vs. 2
months

8.87 vs. 7.10 vs.
8.15 months

Ren, C (90) SHR-1210+apatinib II 10 0% 1.83 months 7.80 months

Li, J (98) Regorafenib + anti-PD-1 antibody NR 23 NR 3.1 months NR

Fukuoka, S
(91)

Regorafenib + nivolumab IB 50 40% 5.6 months gastric
cancer

7.9 months
colorectal cancer

12.3 vs. NR
months

Martinelli,
E (99)

Cetuximab + avelumab II 77 NR 3.6 months 11.6 months

Wang, F
(100)

Regorafenib + toripalimab Ib/II 33 15.2% 2.1 months 15.5 months

Zhang,W
(101)

Fruquintinib + sintilimab II 55 16% 4.1 months 13.3 months
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molecule, mucin 1, NOD-like receptor protein 3 and microRNA-

155 in the liver and pancreas significantly increased, and exhibited

larger tumor volumes and higher liver metastasis rates (105).

However, Ma et al. (106) observed in a mouse model of

melanoma that as the degree of acute inflammatory reaction

intensified, the tumor volume gradually decreased. Additionally,

during the inflammatory process, high levels of INF-r expression

were detected in both serum and tumors of the melanoma mice.

Salem et al. (107) used TLR ligand to induce acute inflammation in

ascites cancer mice, and found that the decrease in the number of

Ehrlich ascites tumor cells is associated with the increased

infiltration of inflammatory cells expressing the myeloid markers

CD11b + ly6g +, CD11b + ly6g -, and CD11b-ly6g + in the tumor.

This finding suggests that providing some inflammatory stimuli in

the early or late stages of tumor progression can effectively induce

tumor regression, which may be mediated by inflammatory cells

(such as bone-marrow-derived cells). The study also discovered that

injection of polyinosinic acid-polycytidylic acid could increase the

number of macrophages (CD11b+) by 8-fold during the course of

an acute inflammatory response (107). Interestingly, Schmid et al.

(108) discovered that high levels of CD11b expression could

promote the polarization of inflammatory macrophages (M1

myeloid cells) in the TME and stimulate the accumulation of

CD8+ T cells in tumors, thereby changing the TME and exerting

an antitumor effect. Regarding the external manifestation of acute

inflammation, such as rash, some observational studies involving

antiangiogenic drugs found that patients who developed a rash

during treatment had longer survival time and better treatment

efficacy compared with those who did not, but no clear explanation

has been provided (109, 110). While some studies considered the

increase of CRP before treatment as an indicator of poor prognosis

(111), or thought that myeloid cell infiltration caused by the

increase of CRP before operation counteracted the beneficial

effects and potential tumor-suppressing effects of lymphocyte

infiltration (112), which seem to be contradictory to the

treatment results of our cases. Accordingly, we have made the

following two assumptions. First, the factors causing the increase in

CRP differed. In our series of cases, the sharp rise in CRP in cases 2

and 3 occurred after drug treatment, whereas the subjects in studies

by Spencer et al. (111) and Kostner et al. (112)had not received any

treatment, and the increase in CRP of their subjects may be related

to tumor metabolism. Second, the difference in CRP increase during

treatment may also affect the treatment effect. These possibilities

require further confirmation through randomized controlled trials.
4 Conclusion

The relationship between tumors and the body can be likened to

that of weeds and trees. In summer, weeds and trees mix together and

are difficult to separate (immune tolerance). However, the change in

human body environment is similar to cooling from summer to

winter. In winter, both weeds and trees undergo a process of

withering, however, the extent of withering is more severe in weeds

than in trees. As a result, it becomes possible to clearly distinguish

between the two (decreased immune tolerance). In this scenario,
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removing the weeds is more feasible. In other words, by creating an

acute inflammatory environment in the body, we have enabled a

specific separation between malignant tumors and the body. Before

coming back in spring, drugs (sickles) can easily, quickly, and cleanly

eliminate cancer cells (weeds). Our cases prove this hypothesis.

In the author’s recent clinical experience, more than 100

patients with advanced GI tumors received a combination of

antiangiogenic therapy, immunotherapy, and chemotherapy.

Among these patients, only eight developed an acute

inflammatory reaction during a certain stage of treatment.

However, after completing the treatment, all patients achieved

sat is factory results in both imaging and serological

manifestations. This report focuses on three typical cases where

the use of apatinib and camrelizumab induced a systemic acute

inflammatory response in patients with MSS advanced GI tumors,

resulting in good outcomes when combined with chemotherapy.

Therefore, inducing systemic acute inflammatory response

through the combination of vascular targeted drugs and PD-1/L1

monoclonal antibodies, followed by the use of chemotherapy, may

lead to unexpected favorable outcomes. The therapeutic regimen

may be a breakthrough strategy in the comprehensive treatment of

tumors in the future, offering hope for the treatment of malignant

tumor patients with failed treatment of multiple metastases.

Nevertheless, further randomized controlled trials are still

required to confirm these findings.
Author contributions

SQM and LGY designed the “ideas”; CSY helped LYH and LL

to deal with the information efficiently; LYH, LL, and CSY wrote

the manuscript; LGY, DCC, ZRJ, CWP, and LQ revised the

manuscript. All authors contributed to the article and approved

the submitted version.
Funding

This work was supported by a grant from The National Natural

Science Foundation of China (No. 81870388).
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.
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.
frontiersin.org

https://doi.org/10.3389/fonc.2023.1072480
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Lei et al. 10.3389/fonc.2023.1072480
References
1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global
cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for
36 cancers in 185 countries. CA Cancer J Clin (2021) 71(3):209–49. doi: 10.3322/
caac.21660

2. Dekker E, Tanis PJ, Vleugels JLA, Kasi PM, Wallace MB. Colorectal cancer.
Lancet (2019) 394(10207):1467–80. doi: 10.1016/S0140-6736(19)32319-0

3. Jiang Z, Zhou A, Sun Y, Zhang W. Biweekly oxaliplatin plus S1 for Chinese
elderly patients with advanced gastric or gastroesophageal junction cancer as the first-
line therapy: a single-arm, phase 2 study. BMC Cancer (2022) 22(1):253. doi: 10.1186/
s12885-022-09332-7

4. Zhou YW, Long YX, Chen Y, Liu JY, Pu D, Huang JY, et al. First-line therapy of
bevacizumab plus chemotherapy versus cetuximab plus chemotherapy for metastatic
colorectal cancer patients with mucinous adenocarcinoma or mucinous component.
Cancer Med (2021) 10(10):3388–402. doi: 10.1002/cam4.3876

5. Mori Y, Kataoka H, Ebi M, Adachi K, Yamaguchi Y, Hayashi N, et al. Phase II
prospective study of trastuzumab in combination with s-1 and oxaliplatin (SOX100)
therapy for HER2-positive advanced gastric cancer. J Gastrointest Cancer (2021) 53
(4):930–8. doi: 10.21203/rs.3.rs-797106/v1

6. Ma J, Xiao M, Li X, Zhao Q, YeW, Ji W, et al. Improved efficacy and safety of low-
dose oxaliplatin/pegylated liposomal doxorubicin/S-1 regimen in advanced gastric
cancer: a cohort study. Ann Palliat Med (2021) 10(12):12821–30. doi: 10.21037/apm-
21-3584

7. Venook AP, Niedzwiecki D, Lenz HJ, Innocenti F, Fruth B, Meyerhardt JA, et al.
Effect of first-line chemotherapy combined with cetuximab or bevacizumab on overall
survival in patients with KRAS wild-type advanced or metastatic colorectal cancer: A
randomized clinical trial. JAMA (2017) 317(23):2392–401. doi: 10.1001/jama.2017.7105

8. Luo D, Yang Y, Shan Z, Liu Q, Cai S, Li Q, et al. Clinicopathological features of
stage I-III colorectal cancer recurrence over 5 years after radical surgery without
receiving neoadjuvant therapy: Evidence from a Large sample study. Front Surg (2021)
8:666400. doi: 10.3389/fsurg.2021.666400

9. Sawayama H, Miyamoto Y, Hiyoshi Y, Ogawa K, Kato R, Akiyama T, et al.
Overall survival after recurrence in stage I-III colorectal cancer patients in accordance
with the recurrence organ site and pattern. Ann Gastroenterol Surg (2021) 5(6):813–22.
doi: 10.1002/ags3.12483

10. Schellenberg AE, Moravan V, Christian F. A competing risk analysis of
colorectal cancer recurrence after curative surgery. BMC Gastroenterol (2022) 22
(1):95. doi: 10.1186/s12876-022-02161-9

11. Li Y, Zhao H. Postoperative recurrence of gastric cancer depends on whether the
chemotherapy cycle was more than 9 cycles: Based on a retrospective and observational
study of follow-up within 3 years of 843 patients. Med (Baltimore) (2022) 101(5):
e28620. doi: 10.1097/MD.0000000000028620

12. Nakauchi M, Vos E, Tang LH, Gonen M, Janjigian YY, Ku GY, et al. Outcomes
of neoadjuvant chemotherapy for clinical stages 2 and 3 gastric cancer patients:
Analysis of timing and site of recurrence. Ann Surg Oncol (2021) 28(9):4829–38. doi:
10.1245/s10434-021-09624-5

13. Park JS, Choe EA, Park S, Nam CM, Hyung WJ, Noh SH, et al. Detection of
asymptomatic recurrence improves survival of gastric cancer patients. Cancer Med
(2021) 10(10):3249–60. doi: 10.1002/cam4.3899

14. Sharma P, Hu-Lieskovan S, Wargo JA, Ribas A. Primary, adaptive, and acquired
resistance to cancer immunotherapy. Cell (2017) 168(4):707–23. doi: 10.1016/
j.cell.2017.01.017

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. Yi M, Jiao D, Qin S, Chu Q, Wu K, Li A. Synergistic effect of immune checkpoint
blockade and anti-angiogenesis in cancer treatment. Mol Cancer (2019) 18(1):60. doi:
10.1186/s12943-019-0974-6

17. Tian S, Quan H, Xie C, Guo H, Lu F, Xu Y, et al. YN968D1 is a novel and
selective inhibitor of vascular endothelial growth factor receptor-2 tyrosine kinase with
potent activity in vitro and in vivo. Cancer Sci (2011) 102(7):1374–80. doi: 10.1111/
j.1349-7006.2011.01939.x

18. Liu K, Ren T, Huang Y, Sun K, Bao X, Wang S, et al. Apatinib promotes
autophagy and apoptosis through VEGFR2/STAT3/BCL-2 signaling in osteosarcoma.
Cell Death Dis (2017) 8(8):e3015. doi: 10.1038/cddis.2017.422

19. Zhao S, Ren S, Jiang T, Zhu B, Li X, Zhao C, et al. Low-dose apatinib optimizes
tumor microenvironment and potentiates antitumor effect of PD-1/PD-L1 blockade in
lung cancer. Cancer Immunol Res (2019) 7(4):630–43. doi: 10.1158/2326-6066.CIR-17-
0640

20. Ren D, Wang G, Zhang Y, Kan J, Dong Q, Zhao J, et al. Efficacy and safety of
apatinib for elderly patients with advanced or metastatic gastric cancer after failure of at
least first-line chemotherapy: A multi-center, single-arm, phase II study. Onco Targets
Ther (2021) 14:4499–508. doi: 10.2147/OTT.S322710

21. Liang L, Wang L, Zhu P, Xia Y, Qiao Y, Wu J, et al. A pilot study of apatinib as
third-line treatment in patients with heavily treated metastatic colorectal cancer. Clin
Colorectal Cancer (2018) 17(3):e443–e9. doi: 10.1016/j.clcc.2018.02.011
Frontiers in Oncology 13
22. Gou M, Si H, Zhang Y, Qian N, Wang Z, Shi W, et al. Efficacy and safety of
apatinib in patients with previously treated metastatic colorectal cancer: A real-world
retrospective study. Sci Rep (2018) 8(1):4602. doi: 10.1038/s41598-018-22302-z

23. Li J, Qin S, Xu J, Guo W, Xiong J, Bai Y, et al. Apatinib for chemotherapy-
refractory advanced metastatic gastric cancer: Results from a randomized, placebo-
controlled, parallel-arm, phase II trial. J Clin Oncol (2013) 31(26):3219–25. doi:
10.1200/JCO.2013.48.8585

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

25. Sun YT, Guan WL, Zhao Q, Wang DS, Lu SX, He CY, et al. PD-1 antibody
camrelizumab for Epstein-Barr virus-positive metastatic gastric cancer: A single-arm,
open-label, phase 2 trial. Am J Cancer Res (2021) 11(10):5006–15.

26. Song Y, Wu J, Chen X, Lin T, Cao J, Liu Y, et al. A single-arm, multicenter, phase
II study of camrelizumab in relapsed or refractory classical Hodgkin lymphoma. Clin
Cancer Res (2019) 25(24):7363–9. doi: 10.1158/1078-0432.CCR-19-1680

27. Mo H, Huang J, Xu J, Chen X, Wu D, Qu D, et al. Safety, anti-tumour activity,
and pharmacokinetics of fixed-dose SHR-1210, an anti-PD-1 antibody in advanced
solid tumours: A dose-escalation, phase 1 study. Br J Cancer (2018) 119(5):538–45. doi:
10.1038/s41416-018-0100-3

28. Temmink OH, Emura T, de Bruin M, Fukushima M, Peters GJ.
Therapeutic potential of the dual-targeted TAS-102 formulation in the treatment of
gastrointestinal malignancies. Cancer Sci (2007) 98(6):779–89. doi: 10.1111/j.1349-
7006.2007.00477.x

29. Matsushita S, Nitanda T, Furukawa T, Sumizawa T, Tani A, Nishimoto K, et al.
The effect of a thymidine phosphorylase inhibitor on angiogenesis and apoptosis in
tumors. Cancer Res (1999) 59(8):1911–6.

30. Shitara K, Doi T, Dvorkin M, Mansoor W, Arkenau HT, Prokharau A, et al.
Trifluridine/tipiracil versus placebo in patients with heavily pretreated metastatic
gastric cancer (TAGS): A randomised, double-blind, placebo-controlled, phase 3
trial. Lancet Oncol (2018) 19(11):1437–48. doi: 10.1016/S1470-2045(18)30739-3

31. Xu J, Kim TW, Shen L, Sriuranpong V, Pan H, Xu R, et al. Results of a
randomized, double-blind, placebo-controlled, phase III trial of Trifluridine/Tipiracil
(TAS-102) monotherapy in Asian patients with previously treated metastatic colorectal
cancer: The TERRA study. J Clin Oncol (2018) 36(4):350–8. doi: 10.1200/
JCO.2017.74.3245

32. Van Cutsem E, Mayer RJ, Laurent S, Winkler R, Gravalos C, Benavides M, et al.
The subgroups of the phase III RECOURSE trial of trifluridine/tipiracil (TAS-102)
versus placebo with best supportive care in patients with metastatic colorectal cancer.
Eur J Cancer (2018) 90:63–72. doi: 10.1016/j.ejca.2017.10.009

33. Longo-Munoz F, Argiles G, Tabernero J, Cervantes A, Gravalos C, Pericay C,
et al. Efficacy of trifluridine and tipiracil (TAS-102) versus placebo, with supportive
care, in a randomized, controlled trial of patients with metastatic colorectal cancer from
Spain: Results of a subgroup analysis of the phase 3 RECOURSE trial. Clin Transl Oncol
(2017) 19(2):227–35. doi: 10.1007/s12094-016-1528-7

34. Quail DF, Joyce JA. Microenvironmental regulation of tumor progression and
metastasis. Nat Med (2013) 19(11):1423–37. doi: 10.1038/nm.3394

35. Polyak K, Haviv I, Campbell IG. Co-Evolution of tumor cells and their
microenvironment. Trends Genet (2009) 25(1):30–8. doi: 10.1016/j.tig.2008.10.012

36. Hanahan D, Coussens LM. Accessories to the crime: Functions of cells recruited
to the tumor microenvironment. Cancer Cell (2012) 21(3):309–22. doi: 10.1016/
j.ccr.2012.02.022

37. Hanahan D, Folkman J. Patterns and emerging mechanisms of the angiogenic
switch during tumorigenesis. Cell (1996) 86(3):353–64. doi: 10.1016/S0092-8674(00)
80108-7

38. Moraes JA, Encarnacao C, Franco VA, Xavier Botelho LG, Rodrigues GP,
Ramos-Andrade I, et al. Adipose tissue-derived extracellular vesicles and the tumor
microenvironment: Revisiting the hallmarks of cancer. Cancers (Basel) (2021) 13
(13):3328. doi: 10.3390/cancers13133328

39. Bayik D, Lathia JD. Cancer stem cell-immune cell crosstalk in tumour
progression. Nat Rev Cancer (2021) 21(8):526–36. doi: 10.1038/s41568-021-00366-w

40. Marzagalli M, Ebelt ND, Manuel ER. Unraveling the crosstalk between
melanoma and immune cells in the tumor microenvironment. Semin Cancer Biol
(2019) 59:236–50. doi: 10.1016/j.semcancer.2019.08.002

41. Giavina-Bianchi MH, Giavina-Bianchi PFJ, Festa CN. Melanoma: Tumor
microenvironment and new treatments. Bras Dermatol (2017) 92(2):156–66. doi:
10.1590/abd1806-4841.20176183

42. Rosser EC, Mauri C. Regulatory b cells: Origin, phenotype, and function.
Immunity (2015) 42(4):607–12. doi: 10.1016/j.immuni.2015.04.005

43. Facciabene A, Motz GT, Coukos G. T-Regulatory cells: Key players in tumor
immune escape and angiogenesis. Cancer Res (2012) 72(9):2162–71. doi: 10.1158/0008-
5472.CAN-11-3687

44. Aktas ON, Ozturk AB, Erman B, Erus S, Tanju S, Dilege S. Role of natural killer
cells in lung cancer. J Cancer Res Clin Oncol (2018) 144(6):997–1003. doi: 10.1007/
s00432-018-2635-3
frontiersin.org

https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21660
https://doi.org/10.1016/S0140-6736(19)32319-0
https://doi.org/10.1186/s12885-022-09332-7
https://doi.org/10.1186/s12885-022-09332-7
https://doi.org/10.1002/cam4.3876
https://doi.org/10.21203/rs.3.rs-797106/v1
https://doi.org/10.21037/apm-21-3584
https://doi.org/10.21037/apm-21-3584
https://doi.org/10.1001/jama.2017.7105
https://doi.org/10.3389/fsurg.2021.666400
https://doi.org/10.1002/ags3.12483
https://doi.org/10.1186/s12876-022-02161-9
https://doi.org/10.1097/MD.0000000000028620
https://doi.org/10.1245/s10434-021-09624-5
https://doi.org/10.1002/cam4.3899
https://doi.org/10.1016/j.cell.2017.01.017
https://doi.org/10.1016/j.cell.2017.01.017
https://doi.org/10.1016/j.cell.2015.03.030
https://doi.org/10.1016/j.cell.2015.03.030
https://doi.org/10.1186/s12943-019-0974-6
https://doi.org/10.1111/j.1349-7006.2011.01939.x
https://doi.org/10.1111/j.1349-7006.2011.01939.x
https://doi.org/10.1038/cddis.2017.422
https://doi.org/10.1158/2326-6066.CIR-17-0640
https://doi.org/10.1158/2326-6066.CIR-17-0640
https://doi.org/10.2147/OTT.S322710
https://doi.org/10.1016/j.clcc.2018.02.011
https://doi.org/10.1038/s41598-018-22302-z
https://doi.org/10.1200/JCO.2013.48.8585
https://doi.org/10.1007/s40265-019-01167-0
https://doi.org/10.1158/1078-0432.CCR-19-1680
https://doi.org/10.1038/s41416-018-0100-3
https://doi.org/10.1111/j.1349-7006.2007.00477.x
https://doi.org/10.1111/j.1349-7006.2007.00477.x
https://doi.org/10.1016/S1470-2045(18)30739-3
https://doi.org/10.1200/JCO.2017.74.3245
https://doi.org/10.1200/JCO.2017.74.3245
https://doi.org/10.1016/j.ejca.2017.10.009
https://doi.org/10.1007/s12094-016-1528-7
https://doi.org/10.1038/nm.3394
https://doi.org/10.1016/j.tig.2008.10.012
https://doi.org/10.1016/j.ccr.2012.02.022
https://doi.org/10.1016/j.ccr.2012.02.022
https://doi.org/10.1016/S0092-8674(00)80108-7
https://doi.org/10.1016/S0092-8674(00)80108-7
https://doi.org/10.3390/cancers13133328
https://doi.org/10.1038/s41568-021-00366-w
https://doi.org/10.1016/j.semcancer.2019.08.002
https://doi.org/10.1590/abd1806-4841.20176183
https://doi.org/10.1016/j.immuni.2015.04.005
https://doi.org/10.1158/0008-5472.CAN-11-3687
https://doi.org/10.1158/0008-5472.CAN-11-3687
https://doi.org/10.1007/s00432-018-2635-3
https://doi.org/10.1007/s00432-018-2635-3
https://doi.org/10.3389/fonc.2023.1072480
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Lei et al. 10.3389/fonc.2023.1072480
45. Butt AQ, Mills KH. Immunosuppressive networks and checkpoints controlling
antitumor immunity and their blockade in the development of cancer
immunotherapeutics and vaccines. Oncogene (2014) 33(38):4623–31. doi: 10.1038/
onc.2013.432

46. Ostrand-Rosenberg S. Tolerance and immune suppression in the tumor
microenvironment. Cell Immunol (2016) 299:23–9. doi: 10.1016/j.cellimm.2015.09.011

47. Ocana A, Nieto-Jimenez C, Pandiella A, Templeton AJ. Neutrophils in cancer:
Prognostic role and therapeutic strategies. Mol Cancer (2017) 16(1):137. doi: 10.1186/
s12943-017-0707-7

48. De Palma M, Lewis CE. Macrophage regulation of tumor responses to
anticancer therapies. Cancer Cell (2013) 23(3):277–86. doi: 10.1016/j.ccr.2013.02.013

49. Huang J, Zhang L, Wan D, Zhou L, Zheng S, Lin S, et al. Extracellular matrix and
its therapeutic potential for cancer treatment. Signal Transduct Target Ther (2021) 6
(1):153. doi: 10.1038/s41392-021-00544-0

50. Carmeliet P, Jain RK. Angiogenesis in cancer and other diseases. Nature (2000)
407(6801):249–57. doi: 10.1038/35025220

51. Hanahan D, Weinberg RA. The hallmarks of cancer. Cell (2000) 100(1):57–70.
doi: 10.1016/S0092-8674(00)81683-9

52. Ferrara N, Gerber HP, LeCouter J. The biology of VEGF and its receptors. Nat
Med (2003) 9(6):669–76. doi: 10.1038/nm0603-669

53. Ferrara N. VEGF and the quest for tumour angiogenesis factors. Nat Rev Cancer
(2002) 2(10):795–803. doi: 10.1038/nrc909

54. Glade-Bender J, Kandel JJ, Yamashiro DJ. VEGF blocking therapy in the
treatment of cancer. Expert Opin Biol Ther (2003) 3(2):263–76. doi: 10.1517/
14712598.3.2.263

55. Jain RK. Normalizing tumor microenvironment to treat cancer: Bench to
bedside to biomarkers. J Clin Oncol (2013) 31(17):2205–18. doi: 10.1200/
JCO.2012.46.3653

56. Jain RK. Antiangiogenesis strategies revisited: From starving tumors to
alleviating hypoxia. Cancer Cell (2014) 26(5):605–22. doi: 10.1016/j.ccell.2014.10.006

57. Tong RT, Boucher Y, Kozin SV, Winkler F, Hicklin DJ, Jain RK. Vascular
normalization by vascular endothelial growth factor receptor 2 blockade induces a
pressure gradient across the vasculature and improves drug penetration in tumors.
Cancer Res (2004) 64(11):3731–6. doi: 10.1158/0008-5472.CAN-04-0074

58. Winkler F, Kozin SV, Tong RT, Chae SS, Booth MF, Garkavtsev I, et al. Kinetics
of vascular normalization by VEGFR2 blockade governs brain tumor response to
radiation: role of oxygenation, angiopoietin-1, and matrix metalloproteinases. Cancer
Cell (2004) 6(6):553–63. doi: 10.1016/j.ccr.2004.10.011

59. Batchelor TT, Sorensen AG, di Tomaso E, Zhang WT, Duda DG, Cohen KS,
et al. AZD2171, a pan-VEGF receptor tyrosine kinase inhibitor, normalizes tumor
vasculature and alleviates edema in glioblastoma patients. Cancer Cell (2007) 11(1):83–
95. doi: 10.1016/j.ccr.2006.11.021

60. Batchelor TT, Duda DG, di Tomaso E, Ancukiewicz M, Plotkin SR, Gerstner E,
et al. Phase II study of cediranib, an oral pan-vascular endothelial growth factor
receptor tyrosine kinase inhibitor, in patients with recurrent glioblastoma. J Clin Oncol
(2010) 28(17):2817–23. doi: 10.1200/JCO.2009.26.3988

61. Ramjiawan RR, Griffioen AW, Duda DG. Anti-angiogenesis for cancer revisited:
Is there a role for combinations with immunotherapy? Angiogenesis (2017) 20(2):185–
204. doi: 10.1007/s10456-017-9552-y

62. Huang Y, Yuan J, Righi E, Kamoun WS, Ancukiewicz M, Nezivar J, et al.
Vascular normalizing doses of antiangiogenic treatment reprogram the
immunosuppressive tumor microenvironment and enhance immunotherapy. Proc
Natl Acad Sci USA (2012) 109(43):17561–6. doi: 10.1073/pnas.1215397109

63. Chernoguz A, Crawford K, Vandersall A, Rao M, Willson T, Denson LA, et al.
Pretreatment with anti-VEGF therapy may exacerbate inflammation in experimental
acute colitis. J Pediatr Surg (2012) 47(2):347–54. doi: 10.1016/j.jpedsurg.2011.11.028

64. Jain RK. Normalizing tumor vasculature with anti-angiogenic therapy: a new
paradigm for combination therapy. Nat Med (2001) 7(9):987–9. doi: 10.1038/nm0901-
987

65. Tsukihara H, Nakagawa F, Sakamoto K, Ishida K, Tanaka N, Okabe H, et al.
Efficacy of combination chemotherapy using a novel oral chemotherapeutic agent,
TAS-102, together with bevacizumab, cetuximab, or panitumumab on human
colorectal cancer xenografts. Oncol Rep (2015) 33(5):2135–42. doi: 10.3892/
or.2015.3876

66. Assaraf YG, Brozovic A, Goncalves AC, Jurkovicova D, Line A, Machuqueiro M,
et al. The multi-factorial nature of clinical multidrug resistance in cancer. Drug Resist
Updat (2019) 46:100645. doi: 10.1016/j.drup.2019.100645

67. Perez-Tomas R. Multidrug resistance: retrospect and prospects in anti-cancer
drug treatment. Curr Med Chem (2006) 13(16):1859–76. doi: 10.2174/
092986706777585077

68. Mi YJ, Liang YJ, Huang HB, Zhao HY, Wu CP, Wang F, et al. Apatinib
(YN968D1) reverses multidrug resistance by inhibiting the efflux function of multiple
ATP-binding cassette transporters. Cancer Res (2010) 70(20):7981–91. doi: 10.1158/
0008-5472.CAN-10-0111

69. Moehler M, Gepfner-Tuma I, Maderer A, Thuss-Patience PC, Ruessel J,
Hegewisch-Becker S, et al. Sunitinib added to FOLFIRI versus FOLFIRI in patients
with chemorefractory advanced adenocarcinoma of the stomach or lower esophagus: A
Frontiers in Oncology 14
randomized, placebo-controlled phase II AIO trial with serum biomarker program.
BMC Cancer (2016) 16:699. doi: 10.1186/s12885-016-2736-9

70. Wilke H, Muro K, Van Cutsem E, Oh SC, Bodoky G, Shimada Y, et al.
Ramucirumab plus paclitaxel versus placebo plus paclitaxel in patients with
previously treated advanced gastric or gastro-oesophageal junction adenocarcinoma
(RAINBOW): A double-blind, randomised phase 3 trial. Lancet Oncol (2014) 15
(11):1224–35. doi: 10.1016/S1470-2045(14)70420-6

71. Ding ZC, Zhou G. Cytotoxic chemotherapy and CD4+ effector T cells: an
emerging alliance for durable antitumor effects. Clin Dev Immunol (2012) 2012:890178.
doi: 10.1155/2012/890178

72. Chen B, Miller AL, Rebelatto M, Brewah Y, Rowe DC, Clarke L, et al. S100A9
induced inflammatory responses are mediated by distinct damage associated molecular
patterns (DAMP) receptors in vitro and in vivo. PloS One (2015) 10(2):e0115828. doi:
10.1371/journal.pone.0115828

73. Wang Q, Ju X, Wang J, Fan Y, Ren M, Zhang H. Immunogenic cell death in
anticancer chemotherapy and its impact on clinical studies. Cancer Lett (2018) 438:17–
23. doi: 10.1016/j.canlet.2018.08.028

74. Obeid M, Tesniere A, Ghiringhelli F, Fimia GM, Apetoh L, Perfettini JL, et al.
Calreticulin exposure dictates the immunogenicity of cancer cell death. Nat Med (2007)
13(1):54–61. doi: 10.1038/nm1523

75. Gao Q, Wang S, Chen X, Cheng S, Zhang Z, Li F, et al. Cancer-cell-secreted
CXCL11 promoted CD8 T cells infiltration through docetaxel-induced-release of HMGB1
in NSCLC. J Immunother Cancer (2019) 7(1):42. doi: 10.1186/s40425-019-0511-6

76. Chen T, Guo J, Han C, Yang M, Cao X. Heat shock protein 70, released from
heat-stressed tumor cells, initiates antitumor immunity by inducing tumor cell
chemokine production and activating dendritic cells via TLR4 pathway. J Immunol
(2009) 182(3):1449–59. doi: 10.4049/jimmunol.182.3.1449

77. Fang H, Ang B, Xu X, Huang X, Wu Y, Sun Y, et al. TLR4 is essential for
dendritic cell activation and anti-tumor T-cell response enhancement by DAMPs
released from chemically stressed cancer cells. Cell Mol Immunol (2014) 11(2):150–9.
doi: 10.1038/cmi.2013.59

78. Vandenabeele P, Vandecasteele K, Bachert C, Krysko O, Krysko DV.
Immunogenic apoptotic cell death and anticancer immunity. Adv Exp Med Biol
(2016) 930:133–49. doi: 10.1007/978-3-319-39406-0_6

79. Sasso MS, Lollo G, Pitorre M, Solito S, Pinton L, Valpione S, et al. Low dose
gemcitabine-loaded lipid nanocapsules target monocytic myeloid-derived suppressor
cells and potentiate cancer immunotherapy. Biomaterials (2016) 96:47–62. doi:
10.1016/j.biomaterials.2016.04.010

80. Ghiringhelli F, Menard C, Puig PE, Ladoire S, Roux S, Martin F, et al.
Metronomic cyclophosphamide regimen selectively depletes CD4+CD25+ regulatory
T cells and restores T and NK effector functions in end stage cancer patients. Cancer
Immunol Immunother (2007) 56(5):641–8. doi: 10.1007/s00262-006-0225-8

81. Lutsiak ME, Semnani RT, De Pascalis R, Kashmiri SV, Schlom J, Sabzevari H.
Inhibition of CD4(+)25+ T regulatory cell function implicated in enhanced immune
response by low-dose cyclophosphamide. Blood (2005) 105(7):2862–8. doi: 10.1182/
blood-2004-06-2410

82. Ramakrishnan R, Assudani D, Nagaraj S, Hunter T, Cho HI, Antonia S, et al.
Chemotherapy enhances tumor cell susceptibility to CTL-mediated killing during
cancer immunotherapy in mice. J Clin Invest (2010) 120(4):1111–24. doi: 10.1172/
JCI40269

83. Correale P, Cusi MG, Tsang KY, Del Vecchio MT, Marsili S, Placa ML, et al.
Chemo-immunotherapy of metastatic colorectal carcinoma with gemcitabine plus
FOLFOX 4 followed by subcutaneous granulocyte macrophage colony-stimulating
factor and interleukin-2 induces strong immunologic and antitumor activity in
metastatic colon cancer patients. J Clin Oncol (2005) 23(35):8950–8. doi: 10.1200/
JCO.2005.12.147

84. Yasuda S, Sho M, Yamato I, Yoshiji H, Wakatsuki K, Nishiwada S, et al.
Simultaneous blockade of programmed death 1 and vascular endothelial growth factor
receptor 2 (VEGFR2) induces synergistic anti-tumour effect in vivo. Clin Exp Immunol
(2013) 172(3):500–6. doi: 10.1111/cei.12069

85. Voron T, Colussi O, Marcheteau E, Pernot S, Nizard M, Pointet AL, et al. VEGF-
a modulates expression of inhibitory checkpoints on CD8+ T cells in tumors. J Exp Med
(2015) 212(2):139–48. doi: 10.1084/jem.20140559

86. Meder L, Schuldt P, Thelen M, Schmitt A, Dietlein F, Klein S, et al. Combined
VEGF and PD-L1 blockade displays synergistic treatment effects in an autochthonous
mouse model of small cell lung cancer. Cancer Res (2018) 78(15):4270–81. doi: 10.1158/
0008-5472.CAN-17-2176

87. Allen E, Jabouille A, Rivera L, Lodewijckx I, Missiaen R, Steri V, et al. Combined
antiangiogenic and anti-PD-L1 therapy stimulates tumor immunity through HEV
formation. Sci Transl Med (2017) 9(385):eaak9679. doi: 10.1126/scitranslmed.aak9679

88. Eng C, Kim TW, Bendell J, Argilés G, Tebbutt NC, Di Bartolomeo M, et al.
Atezolizumab with or without cobimetinib versus regorafenib in previously treated
metastatic colorectal cancer (IMblaze370): a multicentre, open-label, phase 3,
randomised, controlled trial. Lancet Oncol (2019) 20(6):849–61. doi: 10.1016/S1470-
2045(19)30027-0

89. Cousin S, Cantarel C, Guegan JP, Gomez-Roca C, Metges JP, Adenis A, et al.
Regorafenib-avelumab combination in patients with microsatellite stable colorectal
cancer (REGOMUNE): A single-arm, open-label, phase II trial. Clin Cancer Res (2021)
27(8):2139–47. doi: 10.1158/1078-0432.CCR-20-3416
frontiersin.org

https://doi.org/10.1038/onc.2013.432
https://doi.org/10.1038/onc.2013.432
https://doi.org/10.1016/j.cellimm.2015.09.011
https://doi.org/10.1186/s12943-017-0707-7
https://doi.org/10.1186/s12943-017-0707-7
https://doi.org/10.1016/j.ccr.2013.02.013
https://doi.org/10.1038/s41392-021-00544-0
https://doi.org/10.1038/35025220
https://doi.org/10.1016/S0092-8674(00)81683-9
https://doi.org/10.1038/nm0603-669
https://doi.org/10.1038/nrc909
https://doi.org/10.1517/14712598.3.2.263
https://doi.org/10.1517/14712598.3.2.263
https://doi.org/10.1200/JCO.2012.46.3653
https://doi.org/10.1200/JCO.2012.46.3653
https://doi.org/10.1016/j.ccell.2014.10.006
https://doi.org/10.1158/0008-5472.CAN-04-0074
https://doi.org/10.1016/j.ccr.2004.10.011
https://doi.org/10.1016/j.ccr.2006.11.021
https://doi.org/10.1200/JCO.2009.26.3988
https://doi.org/10.1007/s10456-017-9552-y
https://doi.org/10.1073/pnas.1215397109
https://doi.org/10.1016/j.jpedsurg.2011.11.028
https://doi.org/10.1038/nm0901-987
https://doi.org/10.1038/nm0901-987
https://doi.org/10.3892/or.2015.3876
https://doi.org/10.3892/or.2015.3876
https://doi.org/10.1016/j.drup.2019.100645
https://doi.org/10.2174/092986706777585077
https://doi.org/10.2174/092986706777585077
https://doi.org/10.1158/0008-5472.CAN-10-0111
https://doi.org/10.1158/0008-5472.CAN-10-0111
https://doi.org/10.1186/s12885-016-2736-9
https://doi.org/10.1016/S1470-2045(14)70420-6
https://doi.org/10.1155/2012/890178
https://doi.org/10.1371/journal.pone.0115828
https://doi.org/10.1016/j.canlet.2018.08.028
https://doi.org/10.1038/nm1523
https://doi.org/10.1186/s40425-019-0511-6
https://doi.org/10.4049/jimmunol.182.3.1449
https://doi.org/10.1038/cmi.2013.59
https://doi.org/10.1007/978-3-319-39406-0_6
https://doi.org/10.1016/j.biomaterials.2016.04.010
https://doi.org/10.1007/s00262-006-0225-8
https://doi.org/10.1182/blood-2004-06-2410
https://doi.org/10.1182/blood-2004-06-2410
https://doi.org/10.1172/JCI40269
https://doi.org/10.1172/JCI40269
https://doi.org/10.1200/JCO.2005.12.147
https://doi.org/10.1200/JCO.2005.12.147
https://doi.org/10.1111/cei.12069
https://doi.org/10.1084/jem.20140559
https://doi.org/10.1158/0008-5472.CAN-17-2176
https://doi.org/10.1158/0008-5472.CAN-17-2176
https://doi.org/10.1126/scitranslmed.aak9679
https://doi.org/10.1016/S1470-2045(19)30027-0
https://doi.org/10.1016/S1470-2045(19)30027-0
https://doi.org/10.1158/1078-0432.CCR-20-3416
https://doi.org/10.3389/fonc.2023.1072480
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Lei et al. 10.3389/fonc.2023.1072480
90. Ren C, Mai ZJ, Jin Y, He MM, Wang ZQ, Luo HY, et al. Anti-PD-1 antibody
SHR-1210 plus apatinib for metastatic colorectal cancer: A prospective, single-arm,
open-label, phase II trial. Am J Cancer Res (2020) 10(9):2946–54.

91. 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

92. Chung HC, Lwin Z, Gomez-Roca C, Longo F, Saada-Bouzid E. LEAP-005: A
phase II multicohort study of lenvatinib plus pembrolizumab in patients with
previously treated selected solid tumors–results from the gastric cancer cohort. J Clin
Oncolog (2021) 39(3_suppl):230. doi: 10.1200/JCO.2021.39.3_suppl.230

93. Kim R, Imanirad I, Carballido E, Strosberg J, Kim D. O-20 phase I/IB study of
regorafenib and nivolumab in mismatch repair proficient advanced refractory
colorectal cancer. Ann Oncol (2020) 31:239. doi: 10.1016/j.annonc.2020.04.073

94. Grothey A, Tabernero J, Arnold D, De Gramont A, Ducreux MP, O'Dwyer PJ,
et al. Fluoropyrimidine (FP) + bevacizumab (BEV) + atezolizumab vs FP/BEV in
BRAFwt metastatic colorectal cancer (mCRC): Findings from cohort 2 of MODUL – a
multicentre, randomized trial of biomarker-driven maintenance treatment following
first-line induction therapy. Ann Oncol (2018) 29:viii714–viii5. doi: 10.1093/annonc/
mdy424.020

95. Cremolini C, Rossini D, Antoniotti C, Pietrantonio F, Lonardi S, Salvatore L,
et al. LBA20 FOLFOXIRI plus bevacizumab (bev) plus atezolizumab (atezo) versus
FOLFOXIRI plus bev as first-line treatment of unresectable metastatic colorectal cancer
(mCRC) patients: Results of the phase II randomized AtezoTRIBE study by GONO.
Ann Oncol (2021) 32:S1294–S5. doi: 10.1016/j.annonc.2021.08.2094

96. Mettu NB, Ou FS, Zemla TJ, Halfdanarson TR, Lenz HJ, Breakstone RA, et al.
Assessment of capecitabine and bevacizumab with or without atezolizumab for the
treatment of refractory metastatic colorectal cancer: A randomized clinical trial. JAMA
Netw Open (2022) 5(2):e2149040. doi: 10.1001/jamanetworkopen.2021.49040

97. Antoniotti C, Rossini D, Pietrantonio F, Catteau A, Salvatore L, Lonardi S, et al.
Upfront FOLFOXIRI plus bevacizumab with or without atezolizumab in the treatment
of patients with metastatic colorectal cancer (AtezoTRIBE): A multicentre, open-label,
randomised, controlled, phase 2 trial. Lancet Oncol (2022) 23(7):876–87. doi: 10.1016/
S1470-2045(22)00274-1

98. Li J, Cong L, Liu J, Peng L, Wang J, Feng A, et al. The efficacy and safety of
regorafenib in combination with anti-PD-1 antibody in refractory microsatellite stable
metastatic colorectal cancer: A retrospective study. Front Oncol (2020) 10:594125. doi:
10.3389/fonc.2020.594125

99. Martinelli E, Martini G, Famiglietti V, Troiani T, Napolitano S, Pietrantonio F,
et al. Cetuximab rechallenge plus avelumab in pretreated patients with RAS wild-type
metastatic colorectal cancer: The phase 2 single-arm clinical CAVE trial. JAMA Oncol
(2021) 7(10):1529–35. doi: 10.1001/jamaoncol.2021.2915

100. Wang F, He MM, Yao YC, Zhao X, Wang ZQ, Jin Y, et al. Regorafenib plus
toripalimab in patients with metastatic colorectal cancer: a phase Ib/II clinical trial and
Frontiers in Oncology 15
gut microbiome analysis. Cell Rep Med (2021) 2(9):100383. doi: 10.1016/
j.xcrm.2021.100383

101. Zhang W, Sun Y, Jiang Z, Liu T, Gong C, Yang L, et al. Fruquintinib plus
sintilimab in refractory repair-proficient (pMMR)/microsatellite stable (MSS)
metastatic colorectal cancer (mCRC): Preliminary clinical results and biomarker
analyses from a phase II study. Ann Oncol (2022) 33:S728. doi: 10.1016/
j.annonc.2022.07.561

102. Shalapour S, Karin M. Immunity, inflammation, and cancer: an eternal fight
between good and evil. J Clin Invest (2015) 125(9):3347–55. doi: 10.1172/JCI80007

103. Medzhitov R. Origin and physiological roles of inflammation. Nature (2008)
454(7203):428–35. doi: 10.1038/nature07201

104. Hobson J, Gummadidala P, Silverstrim B, Grier D, Bunn J, James T, et al. Acute
inflammation induced by the biopsy of mouse mammary tumors promotes the
development of metastasis. Breast Cancer Res Treat (2013) 139(2):391–401. doi:
10.1007/s10549-013-2575-1

105. Ahn KS, Hwang JY, Han HS, Kim ST, Hwang I, Chun YO. The impact of acute
inflammation on progression and metastasis in pancreatic cancer animal model. Surg
Oncol (2018) 27(1):61–9. doi: 10.1016/j.suronc.2017.11.008

106. Ma YM, Sun T, Liu YX, Zhao N, Gu Q, Zhang DF, et al. A pilot study on acute
inflammation and cancer: A new balance between IFN-gamma and TGF-beta in
melanoma. J Exp Clin Cancer Res (2009) 28:23. doi: 10.1186/1756-9966-28-23

107. Salem ML, Att ia ZI , Galal SM. Acute inflammation induces
immunomodulatory effects on myeloid cells associated with anti-tumor responses in
a tumor mouse model. J Adv Res (2016) 7(2):243–53. doi: 10.1016/j.jare.2015.06.001

108. Schmid MC, Khan SQ, Kaneda MM, Pathria P, Shepard R, Louis TL, et al.
Integrin CD11b activation drives anti-tumor innate immunity. Nat Commun (2018) 9
(1):5379. doi: 10.1038/s41467-018-07387-4

109. Liu X, Qin S, Wang Z, Xu J, Xiong J, Bai Y, et al. Early presence of anti-
angiogenesis-related adverse events as a potential biomarker of antitumor efficacy in
metastatic gastric cancer patients treated with apatinib: A cohort study. J Hematol
Oncol (2017) 10(1):153. doi: 10.1186/s13045-017-0521-0

110. Vincenzi B, Santini D, Russo A, Addeo R, Giuliani F, Montella L, et al. Early
skin toxicity as a predictive factor for tumor control in hepatocellular carcinoma
patients treated with sorafenib. Oncologist (2010) 15(1):85–92. doi: 10.1634/
theoncologist.2009-0143

111. Spencer SK, Pommier AJ, Morgan SR, Barry ST, Robertson JD, Hoff PM, et al.
Prognostic/predictive value of 207 serum factors in colorectal cancer treated with
cediranib and/or chemotherapy. Br J Cancer (2013) 109(11):2765–73. doi: 10.1038/
bjc.2013.649

112. Kostner AH, Nielsen PS, Georgsen JB, Parner ET, Nielsen MB, Kersten C, et al.
Systemic inflammation associates with a myeloid inflamed tumor microenvironment in
primary resected colon cancer-may cold tumors simply be too hot? Front Immunol
(2021) 12:716342. doi: 10.3389/fimmu.2021.716342
frontiersin.org

https://doi.org/10.1200/JCO.19.03296
https://doi.org/10.1200/JCO.2021.39.3_suppl.230
https://doi.org/10.1016/j.annonc.2020.04.073
https://doi.org/10.1093/annonc/mdy424.020
https://doi.org/10.1093/annonc/mdy424.020
https://doi.org/10.1016/j.annonc.2021.08.2094
https://doi.org/10.1001/jamanetworkopen.2021.49040
https://doi.org/10.1016/S1470-2045(22)00274-1
https://doi.org/10.1016/S1470-2045(22)00274-1
https://doi.org/10.3389/fonc.2020.594125
https://doi.org/10.1001/jamaoncol.2021.2915
https://doi.org/10.1016/j.xcrm.2021.100383
https://doi.org/10.1016/j.xcrm.2021.100383
https://doi.org/10.1016/j.annonc.2022.07.561
https://doi.org/10.1016/j.annonc.2022.07.561
https://doi.org/10.1172/JCI80007
https://doi.org/10.1038/nature07201
https://doi.org/10.1007/s10549-013-2575-1
https://doi.org/10.1016/j.suronc.2017.11.008
https://doi.org/10.1186/1756-9966-28-23
https://doi.org/10.1016/j.jare.2015.06.001
https://doi.org/10.1038/s41467-018-07387-4
https://doi.org/10.1186/s13045-017-0521-0
https://doi.org/10.1634/theoncologist.2009-0143
https://doi.org/10.1634/theoncologist.2009-0143
https://doi.org/10.1038/bjc.2013.649
https://doi.org/10.1038/bjc.2013.649
https://doi.org/10.3389/fimmu.2021.716342
https://doi.org/10.3389/fonc.2023.1072480
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Acute inflammatory reaction during anti-angiogenesis therapy combined with immunotherapy as a possible indicator of the therapeutic effect: Three case reports and literature review
	1 Introduction
	2 Case representation
	2.1 Patient 1
	2.2 Patient 2
	2.3 Patient 3

	3 Discussion
	3.1 Treatment plan for this series of cases
	3.2 Tumor microenvironment
	3.3 Tumor blood vessels
	3.4 Anti-angiogenesis therapy combined with chemotherapy
	3.5 Immunotherapy combined with chemotherapy
	3.6 Mechanism of combined application of anti-angiogenesis therapy and immunotherapy
	3.7 Current status of anti-VEGF/VEGFR plus anti-PD-1 combined with/without chemotherapy in the treatment of MSS gastrointestinal tumors
	3.8 Acute inflammation with tumors

	4 Conclusion
	Author contributions
	Funding
	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


