
Frontiers in Oncology

OPEN ACCESS

EDITED BY

Maen Abdelrahim,
Houston Methodist Research Institute,
United States

REVIEWED BY

Antonio Giovanni Solimando,
University of Bari Aldo Moro, Italy
Mattia Falchetto Osti,
Sapienza University of Rome, Italy

*CORRESPONDENCE

Xuexia Liang
liangxuex9@mail.sysu.edu.cn

SPECIALTY SECTION

This article was submitted to
Gastrointestinal Cancers: Hepato
Pancreatic Biliary Cancers,
a section of the journal
Frontiers in Oncology

RECEIVED 11 May 2022

ACCEPTED 31 October 2022
PUBLISHED 23 November 2022

CITATION

Liang X, Liu Q, Yao W and Zhu S
(2022) Encouraging efficacy of a
comprehensive therapy consisting of
sintilimab, bevacizumab biosimilar
IBI305, hypo-fractionated intensity-
modulated radiotherapy, and
oxaliplatin for a maxillary metastasis
from hepatocellular carcinoma: A case
report and literature review.
Front. Oncol. 12:941454.
doi: 10.3389/fonc.2022.941454

COPYRIGHT

© 2022 Liang, Liu, Yao and Zhu. This is
an open-access article distributed under
the terms of the Creative Commons
Attribution License (CC BY). The use,
distribution or reproduction in other
forums is permitted, provided the
original author(s) and the copyright
owner(s) are credited and that the
original publication in this journal is
cited, in accordance with accepted
academic practice. No use,
distribution or reproduction is
permitted which does not comply with
these terms.

TYPE Case Report
PUBLISHED 23 November 2022

DOI 10.3389/fonc.2022.941454
Encouraging efficacy of a
comprehensive therapy
consisting of sintilimab,
bevacizumab biosimilar IBI305,
hypo-fractionated intensity-
modulated radiotherapy, and
oxaliplatin for a maxillary
metastasis from hepatocellular
carcinoma: A case report and
literature review

Xuexia Liang1,2*, Qiaodan Liu1, Wei Yao1 and Shuqin Zhu3

1Department of Cancer Center, The Fifth Affiliated Hospital of Sun Yat-sen University,
Zhuhai, China, 2Guangdong Provincial Key Laboratory of Biomedical Imaging, Guangdong
Provincial Engineering Research Center of Molecular Imaging, the Fifth Affiliated Hospital of Sun
Yat-sen University, Zhuhai, China, 3Department of Pathology, The Fifth Affiliated Hospital of Sun
Yat-sen University, Zhuhai, China
Oro-maxillo-facial metastasis from hepatocellular carcinoma (HCC) is very

rare, and reports on treating maxillary metastasis from HCC are unavailable.

Anti-angiogenesis therapy combined with immunotherapy represented by

programmed cell death 1 (PD-1) or its ligand (PD-L1) inhibitor has become

the standard treatment of advanced HCC. However, integrating

chemoradiotherapy into immunotherapy–bevacizumab combination therapy

has not been reported. Here, we presented a Chinese woman with maxillary

metastasis from HCC who achieved a nearly complete response (CR) to a

quadruple treatment scheme consisting of a PD-1 monoclonal antibody

(sintilimab), bevacizumab biosimilar IBI305, hypo-fractionated intensity-

modulated radiotherapy (hfIMRT), and concurrent oxaliplatin. This

comprehensive treatment is an innovative and effective therapy for

advanced HCC.
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Introduction

Tumor metastasis to the oro-maxillo-facial region accounts

only 1% of all malignant oral lesions. The most common

metastasis to the oro-maxillo-facial region is from the primary

tumor of the lungs, kidney, and breast, and the most often

involved areas are the cervical lymph nodes, mandible, and

gingiva (1, 2). Maxillary metastasis from hepatocellular

carcinoma (HCC) is rare, and nearly 60% were found before

primary HCC was diagnosed. Men were more frequently

afflicted by this kind of metastasis (3). Treatment of maxillary

metastasis from HCC was rarely reported.

HCC is a common cancer and the fourth leading cause of

cancer-related death worldwide. Chronic hepatitis virus infection

and consumption of aflatoxin-contaminated food are the most

common etiological factors (4). Liver can be defined as an

immunological organ because antigens from the gastrointestinal

tract via the portal vein can be recognized and presented by

various immune cells in the hepatic sinusoids. The priming

immune cells interact with hepatocytes and hepatic stellate cells

in the Disse space. Under pathological conditions, gut-derived

antigens lead to chronic carcinogenic inflammation and an

immune inhibitory microenvironment, which is characteristic

of overexpression of immune checkpoint molecules (such as PD-

1, PD-L1, CTLA4, and LAG3), cytokines and chemokines, and T-

cell exhaust (5). Based on the strongly immunosuppressive tumor

microenvironment (TME), immune checkpoint inhibitor (ICI)

therapy becomes a rational choice for HCC. ICI monotherapy or

ICI combined with angiogenesis inhibitor or locoregional therapy

or chemotherapy has become a new promising treatment for

HCC (5, 6). The IMbrave150 trial and ORIENT-32 trial

established PD-1/PD-L1 inhibitors combined with bevacizumab

or its biosimilar IBI305 as a first-line systemic treatment for

advanced HCC (7, 8). External beam radiotherapy (EBRT) and

chemotherapy synergized with ICI enhanced antitumor effects (9,

10). So far, there was no study integrating ICI, bevacizumab,

EBRT, and concomitant chemotherapy for advanced HCC. Here,

we firstly presented a Chinese woman with maxillary metastasis

from HCC who responded dramatically to a PD-1 inhibitor

(sintilimab) and bevacizumab biosimilar IBI305 combined with

concurrent chemoradiotherapy with hfIMRT and oxaliplatin.
Case description

A 72-year-old Chinese woman was found to have a 6.5 cm ×

6.3 cm, rounded, boundary-clear, heterogeneously arterial

enhanced (Supplementary Figure 1A), and delayed washout

(Supplementary Figure 1B) mass lesion in liver S2/3 via a

computed tomography (CT) scan of the abdomen in June

2019. There was central ischemic necrotic area in the mass.

She had latent chronic hepatitis B virus (HBV) infection.

Serologic tests of viral markers were as follows: HBs Ag,
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positive; HBe Ag, negative; HBV DNA, 1,290 IU/ml; and anti-

hepatitis C virus, negative. Tenofovir alafenamide fumarate 25

mg every day was orally prescribed for her. The tumor marker

alpha-fetoprotein (AFP), tested in June 2019, was 32,510.3 ng/

ml. She was diagnosed with early-stage HCC (T1bN0M0, stage

IB of the American Joint Committee on Cancer staging system;

stage A of the Barcelona Clinic Liver Cancer staging system).

Hepatic segmentectomy (S2/3) was performed on 18 June 2019.

The tumor mass was completely resected, with a microscopic

negative operation margin. Pathological examination of the

specimen was as follows: HCC, grade 2–3 (moderately to

poorly differentiated), no microvascular invasion, and negative

margin. The immunohistochemical (IHC) analysis revealed the

following (Supplementary Figure 1C): PD-L1 (−), CK19 (−), CK-

p (weakly +), CK8 (weakly +), hepatocyte (focal +), Glypican-3

(+), Ki-67 (approximately 20% +), and positive CD34, indicating

capillary-like hepatic sinusoid. AFP level tested in July 2019

dropped to normal levels (<400 ng/ml) after surgery.

Serologic tumor biomarker test again revealed a high AFP

level of 1,177 ng/ml on 20 November 2020. However, no tumor

recurrence in liver or extrahepatic metastatic lesion was detected

on CT of the chest and abdomen. After a year, the patient visited a

dental clinic on 6 January 2022, complaining about a

progressively enlarged, painful, bleeding, and hard soft tissue

mass on the top left of the gingiva (Figure 1A). CT and MRI of

the head and neck showed osteolytic destruction of left maxilla

and a 2.8 cm × 2.2 cm enlarged soft tissue mass (Figures 1C–E).

Pathological biopsy indicated poorly differentiated

adenocarcinoma (Figure 1B), and results of IHC analysis were

as follows (Supplementary Figure 2): CK-p (+), CK8/18 (+),

hepatocyte (focal +), vimentin (−), p63 (−), CK5/6 (−), CK-H

(−), CK7 (−), Ki-67 (approximately 70% +), and PD-L1 (tumor

proportion score < 1% +). Her AFP test was 10,231.21 ng/ml.

Considering imaging, biopsy, high AFP level, IHC analysis, and

previous HCC history, she was diagnosed with maxillary

metastases from HCC. Laboratory tests revealed a white blood

cell count of 7.66 × 109/L, with 70.4% neutrophils, a platelet count

of 302 × 109/L, and a prothrombin time [international normalized

ratio (INR)] of 1.18. Her blood chemistry profile was as follows:

total protein, 74.9 g/L; albumin, 40.0 g/L; total bilirubin, 9.9 mmol/

L; aspartate aminotransferase (AST), 49.1 U/L; alanine

aminotransferase (ALT), 23.1 U/L; alkaline phosphatase (ALP),

78 U/L; and gamma-glutamyl transferase, 25 U/L. She refused to

take the genetic test, which was not covered by governmental

resident medical insurance, because of low personal income. She

also refused surgical resection and asked for noninvasive

treatment whose reimbursement rate of medical insurance was

more than 70%. Finally, with her informed consent and her

meeting the requirements we delivered 3Gy×15 fractions by

IMRT to the maxillary metastasis lesion concurrent with

intravenously infused oxaliplatin (140 mg, every 21 days) 1

week after intravenous infusion of sintilimab (a PD-1 antibody,

200 mg, every 21 days) plus bevacizumab biosimilar IBI305 (600
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mg, every 21 days). After hfIMRT, two cycles of oxaliplatin and

three cycles of sintilimab and bevacizumab biosimilar IBI305,

AFP level dropped to <400 ng/ml. On 15 March 2022, MRI

showed that the maxillary metastasis had obviously shrunk and a

nearly complete response (CR) was achieved according to the

Response Evaluation Criteria in Solid Tumor version 1.1

(Figures 1F, G). A time course of the entire case is shown in

Figure 1H. The changes in AFP are illustrated in Figure 2. The

patient tolerated the combination treatment with slight adverse

effects. There was no treatment modification, interruption, or

discontinuation. A grade 1 increase in AST (73.2 U/L) and ALT

(42.7 U/L), grade 1 anemia, grade 1 nausea, and grade 2 oral

mucositis occurred. She continued maintenance treatment with

sintilimab (200 mg, every 21 days) and bevacizumab biosimilar

IBI305 (600 mg, every 21 days) until May 2022, and AFP level

gradually declined (Figure 2).
Discussion

HCC is the fourth most common cancer and the third most

common cause of cancer-related death in China in 2015 (11).

HCC extrahepatic metastasis usually involves the lungs and

regional lymph nodes (12), and metastasis to the oro-maxillo-

facial area is rare, which represents less than 1% of all oral
Frontiers in Oncology 03
neoplasms, with mandible more often involved than maxilla (1–

3). This female patient had no lung metastasis, and the possible

pathway of maxillary metastasis from HCC is through

hematogenous dissemination via the portal vein–plexus

venosus vertebralis–azygos vein connection (3). She had

symptoms of oral pain and bleeding, and physical signs of a

progressively enlarged gingival mass, which also showed similar

imaging features to primary oral cancer. Therefore, diagnosing

HCC maxilla metastasis should finally depend on pathological

biopsy, IHC results, and tumor markers.

Targeting TME to enhance anticancer therapy is currently a

treatment strategy of great interest. TME consists of tumor cells

and their surrounding components, which are characterized by

immune cells, vasculature, stroma cells, and extracellular matrix,

and interact with each other. Distorted and leaky tumor

vasculature leads to a TME characterized by hypoxia and

increased interstitial fluid pressure (13). Hypoxia promotes the

formation of immunosuppressive microenvironment via

compromising the function of natural killer T cells, M1-type

tumor-associated macrophages (TAMs), mature dendritic cells

(DCs), and TH1 cells, and recruiting immunosuppressive

regulatory T cells (Tregs), myeloid-derived suppressor cells

(MDSCs), and M2-type TAMs (14, 15). Angiogenesis factors,

including vascular endothelial growth factor (VEGF) and its

receptors (VEGFRs), repress antigen-presenting cells (APCs) and
FIGURE 1

Oral examination revealed a mass on the upper left gingiva (A), and head neck imaging indicated that it was an osteolytic lesion and formed a soft
tissue mass protruding to the subcutaneous maxillo-facial region and oral cavity (C–E); finally, it was diagnosed as maxillary metastasis from HCC
after biopsy of the mass in the oral cavity (B, 200×). After comprehensive treatment of sintilimab plus bevacizumab biosimilar IBI305 plus radio-
chemotherapy, the maxillary metastasis shrunk dramatically to nearly complete remission (F, G). A time course of the entire case is shown in (H).
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potentiate the function of Tregs, MDSCs, andM2-type TAMs (13).

Immunosuppressing cells secrete cytokines or chemokines, which

promote angiogenesis, like interleukin-10 (IL-10) and matrix

metallopeptidase (MMP)-9 from immature DCs or MDSCs or

M2-type TAMs, IL-4, IL-5, and IL-13 from Tregs (16). Therefore,

angiogenesis and immunosuppressive TME develop a reinforcing

feedback loop to promote tumor progression. Anti-angiogenesis

therapy can enhance the infiltration of CD8+ cytotoxic T cells into

tumor tissue and the transportation efficiency of anticancer drugs

via normalizing tumor vasculature and reducing hypoxia (17, 18).

Decreased hypoxia via anti-angiogenesis drugs also promotes

macrophage polarization to the M1 type and increases the

secretion of angiogenesis-inhibiting molecules, such as

interferon-g from CD8+ T cells and CXCL9, CXCL10, and
Frontiers in Oncology 04
CCL21 from M1-type TAMs (16, 18). The anti-angiogenesis

therapy and immunotherapy combination form a positive

feedback loop, and this might be the reason for this combination

therapy’s success in providing survival benefits. Based on the above

mechanism and encouraging results of the IMbrave150 trial (7)

and ORIENT-32 trial (8), we chose anti-angiogenesis therapy

combined with ICI as the basic systemic treatment for this

patient. Sintilimab, a recombinant humanized anti-PD-1

monoclonal antibody, has been shown to have excellent and

durable antitumor activity against various malignancies,

including HCC (19). Bevacizumab biosimilar IBI305, a

recombinant anti-VEGF humanized monoclonal antibody,

exhibits similar pharmacokinetic profile, efficacy, and safety

compared to Avastin (20, 21). Therefore, finally, we treated this
FIGURE 2

The dynamic changes of serous AFP level over time: AFP dropped to <400 ng/ml after surgical removal of an intrahepatic tumor in June 2019
and sintilimab-bevacizumab biosimilar IBI305–hfIMRT–oxaliplatin combination treatment in February 2022, and continued to decline gradually
during the stage of maintenance treatment with sintilimab and bevacizumab biosimilar IBI305.
frontiersin.org

https://doi.org/10.3389/fonc.2022.941454
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Liang et al. 10.3389/fonc.2022.941454
patient with equivalent and inexpensive sintilimab and

bevacizumab biosimilar IBI305 with the expectation of a robust

and durable therapeutic effect.

EBRT is recommended for HCC treatment by the National

Comprehensive Cancer Network (NCCN) guideline in various

scenarios (www.nccn.org) and is an immune response modifier for

immune-oncology. On the one hand, irradiation of a tumor leads

to immunogenic cell death (ICD), which will result in the release

of danger-associated molecular patterns (DAMPs), and activates

cGAS/STING/IFN-I signaling, which promotes the production

and release of cytokines and chemokines (22). IFN-I and DAMPs

(such as ATP and HMGB-1) can stimulate the maturation of DCs

and promote the anticancer function of cytotoxic T lymphocytes

(CTLs) and natural killer cells (NKs) (23). On the other hand,

irradiation induces an immunosuppressive TME via activating the

ROS/hypoxia-inducible factor 1 alpha (HIF-1a) signaling

pathway, which results in the overexpression of genes [such as

CXCL12, transformation growth factor-b (TGF-b), and VEGF]

that promote immunosuppression via recruiting Tregs and

MDSCs and M2 polarization of TAMs (23). Oxaliplatin-based

chemotherapy (FOLFOX regimen) is recommended as a first-line

systemic treatment in certain circumstances by the NCCN

guideline for HCC. Similarly, platinum-based chemotherapy also

has a dual-directional modifying effect on tumor immunity. On

the one hand, platinum-based medication such as oxaliplatin

exhibits an immune-stimulatory effect through increasing tumor

cell expression of human leukocyte antigen-1 (HLA-1), enhancing

the antigen presentation capacity of tumor cells, and alleviating

immune evasion in cancer. Platinum-based chemotherapy induces

ICD, which increases the availability of DAMPs within tumor

tissue and tumor-associated antigens to APCs, and augments

anticancer T-cell response. On the other hand, chemotherapy

promotes synthesis of local cytokine and chemokine including

immunostimulating and immunosuppressive molecules.

Chemotherapy can increase tumor expression of PD-L1 and

facilitate immune escape (24). Concomitant chemoradiotherapy

had a synergistic anticancer effect and achieved an objective

response rate of 46.8%–48%, an improved median overall

survival (OS) of 9.8–13.5 months, and a median progression-

free survival (PFS) of 6.9–7.8 months in patients with locally

advanced HCC (25–27). Thus, in order to control the maxillary

metastasis from HCC as early as possible here, we chose

chemoradiotherapy consisting of IMRT-designed hypo-

fractionated EBRT with 3Gy*15f delivered to tumor and

concurrent oxaliplatin (85 mg/m2, igtt, q3w). The tumor

biological equivalent dose was 58.5 Gy (tumor a/b = 10). This

chemoradiotherapy scheme was a mild treatment combination for

this 72-year-old female patientwithout≥grade 3 adverse events. To

counteract the immunosuppressive effect of chemoradiotherapy,

sintilimab and bevacizumab biosimilar IBI305 were infused

intravenously 1 week before radio-chemotherapy with the

hypothesis that the sintilimab–bevacizumab combination

medication normalized tumor vasculature and preheated
Frontiers in Oncology 05
immune microenvironment in advance, and would be

maintained until tumor progression.

Combining EBRT with ICI immunotherapy and anti-

angiogenesis therapy has caught the attention of clinical

researchers. In Sahebjam et al.’s prospective research, adding

hypo-fractionated EBRT (6Gy*5) to pembrolizumab (200 mg,

every 3 weeks) plus bevacizumab (10 mg/kg, every 2 weeks)

achieved an overall response rate (ORR) of 78% and a median OS

of 9.3–13.5 months in PD-L1-negative recurrent high-grade

glioma (28). Regarding HCC, a retrospective study showed an

ORR of 40% and a disease control rate of 86.7% in advanced HCC

receiving palliative EBRT combined with ICIs and anti-

angiogenic molecular treatment. The median PFS and OS were

4.6 months and 21 months, respectively (9), and there are several

ongoing prospective trials investigating EBRT plus ICIs plus anti-

angiogenesis treatment for advanced HCC (ChiCTR1900027102,

NCT05010434, NCT05096715, NCT04857684, NCT05137899,

and ChiCTR2200056068). However, there is no study reporting

the comprehensive treatment of ICI plus anti-angiogenic therapy

plus EBRT plus oxaliplatin for HCC so far.

This is the first report to describe an old Chinese woman with

rare HCC maxillary metastasis receiving sintilimab–bevacizumab

biosimilar–hfIMRT–oxaliplatin combination treatment despite

negative tumorous PD-L1 expression and achieving nearly CR.

PD-L1 expression-based treatment decision-making and response

prediction may be insufficient. A study reported that frequencies

of microsatellite instability high (MSI-H) status and high tumor

mutational burden (TMB-H) were very low in hepatobiliary

cancer (29). More prognostic biomarkers are highly necessary.

This patient refused next-generation sequencing gene testing;

thus, which genetic characteristics contributed to her treatment

success were unclear, which was a major limitation of this case

report. It is possible that the rapid reduction of tumor burden of

single maxillary metastasis by early-initiated chemoradiotherapy

enhanced the anticancer effect of the sintilimab–IBI305

combination, and this may explain the treatment success here.

The encouraging response of a case with maxillary

metastasis from HCC treated by a quadruple therapy

demonstrated that the sintilimab–bevacizumab–EBRT–

oxaliplatin combination was an innovative and efficacious

treatment strategy. The dosing and sequencing of radio-

chemotherapy in an ICI–bevacizumab setting need further

study. A diagnosis of maxillary metastasis from HCC should

be confirmed by pathological biopsy. Tumor PD-L1 expression,

among other things, should be investigated to predict the

response in this combination treatment setting.
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SUPPLEMENTARY FIGURE 1

Abdominal CT scanning revealed a rounded, boundary-clear,

heterogenous arterial enhanced (A) and delayed wash out mass lesion

in liver S2/3 with central necrotic area (B) in Jun 2019. This mass was
d i agnosed a s HCC by hema toxy l i n -eos i n (HE ) (C ) and

immunohistochemistry staining of paraffin-embedded tumor tissue after
hepatic segmentectomy with negative surgical margin.

SUPPLEMENTARY FIGURE 2

Oral mass on the upper left gingiva was finally diagnosed as maxillary

metastasis from HCC by hematoxylin-eosin and immunohistochemistry
staining after biopsy.
References
1. Seoane J, van der Waal I, van der Waal RI, Cameselle-Teijeiro J, Anton I,
Tardio A, et al. Metastatic tumors to the oral cavity: a survival study with a special
focus on gingival metastases. J Clin Periodontol (2009) 36(6):488–92. doi: 10.1111/
j.1600-051X.2009.01407.x

2. Hirshberg A, Leibovich P, Buchner A. Metastases to the oral mucosa:
Analysis of 157 cases. J Oral Pathol Med (1993) 22(9):385–90. doi: 10.1111/
j.1600-0714.1993.tb00128.x

3. Okada H, Kamino Y, Shimo M, Kitamura E, Katoch T, Nishimura H, et al.
Metastatic hepatocellular carcinoma of the maxillary sinus: a rare autopsy case
without lung metastasis and a review. Int J Oral Maxillofac Surg (2003) 32(1):97–
100. doi: 10.1054/ijom.2002.0242

4. Llovet JM, Zucman-Rossi J, Pikarsky E, Sangro B, Schwartz M, Sherman M,
et al. Hepatocellular carcinoma. Nat Rev Dis Primers (2016) 2:16018. doi: 10.1038/
nrdp.2016.18

5. Leone P, Solimando AG, Fasano R, Argentiero A, Malerba E, Buonavoglia A,
et al. The evolving role of immune checkpoint inhibitors in hepatocellular carcinoma
treatment. Vaccines (Basel) (2021) 9(5):532. doi: 10.3390/vaccines9050532

6. Llovet JM, Castet F, Heikenwalder M, Maini MK, Mazzaferro V, Pinato DJ,
et al. Immunotherapies for hepatocellular carcinoma. Nat Rev Clin Oncol (2022) 19
(3):151–72. doi: 10.1038/s41571-021-00573-2

7. Finn RS, Qin S, Ikeda M, Galle PR, Ducreux M, Kim TY, et al. Atezolizumab
plus bevacizumab in unresectable hepatocellular carcinoma. N Engl J Med (2020)
382(20):1894–905. doi: 10.1056/NEJMoa.1915745
8. Ren Z, Xu J, Bai Y, Xu A, Cang S, Du C, et al. Sintilimab plus a bevacizumab
biosimilar (IBI305) versus sorafenib in unresectable hepatocellular carcinoma
(ORIENT-32): a randomised, open-label, phase 2-3 study. Lancet Oncol (2021)
22(7):977–90. doi: 10.1016/S1470-2045(21)00252-7

9. Zhong L, Wu D, Peng W, Sheng H, Xiao Y, Zhang X, et al. Safety of PD-1/
PD-L1 inhibitors combined with palliative radiotherapy and anti-angiogenesis
therapy in advanced hepatocellular carcinoma. Front Oncol (2021) 11:686621.
doi: 10.3389/fonc.2021.686621

10. Zhu H, Shan Y, Ge K, Lu J, Kong W, Jia C. Oxaliplatin induces
immunogenic cell death in hepatocellular carcinoma cells and synergizes with
immune checkpoint blockade therapy. Cell Oncol (Dordr) (2020) 43(6):1203–14.
doi: 10.1007/s13402-020-00552-2

11. ChenW, 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

12. Uchino K, Tateishi R, Shiina S, Kanda M, Masuzaki R, Kondo Y, et al.
Hepatocellular carcinoma with extrahepatic metastasis: clinical features and
prognostic factors. Cancer (2011) 117(19):4475–83. doi: 10.1002/cncr.25960

13. Fukumura D, Kloepper J, Amoozgar Z, Duda DG, Jain RK. Enhancing
cancer immunotherapy using antiangiogenics: opportunities and challenges. Nat
Rev Clin Oncol (2018) 15(5):325–40. doi: 10.1038/nrclinonc.2018.29

14. Ramjiawan RR, Griffioen AW, Duda DG. Anti-angiogensis for cancer
revisited: is there a role for combination with immunotherapy? Angiogenesis
(2017) 20(2):185–204. doi: 10.1007/s10456-017-9552-y
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fonc.2022.941454/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.941454/full#supplementary-material
https://doi.org/10.1111/j.1600-051X.2009.01407.x
https://doi.org/10.1111/j.1600-051X.2009.01407.x
https://doi.org/10.1111/j.1600-0714.1993.tb00128.x
https://doi.org/10.1111/j.1600-0714.1993.tb00128.x
https://doi.org/10.1054/ijom.2002.0242
https://doi.org/10.1038/nrdp.2016.18
https://doi.org/10.1038/nrdp.2016.18
https://doi.org/10.3390/vaccines9050532
https://doi.org/10.1038/s41571-021-00573-2
https://doi.org/10.1056/NEJMoa.1915745
https://doi.org/10.1016/S1470-2045(21)00252-7
https://doi.org/10.3389/fonc.2021.686621
https://doi.org/10.1007/s13402-020-00552-2
https://doi.org/10.3322/caac.21338
https://doi.org/10.1002/cncr.25960
https://doi.org/10.1038/nrclinonc.2018.29
https://doi.org/10.1007/s10456-017-9552-y
https://doi.org/10.3389/fonc.2022.941454
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Liang et al. 10.3389/fonc.2022.941454
15. Zhang J, Han C, Dai H, Hou J, Dong Y, Cui X, et al. Hypoxia-inducible
factor-2alpha limits natural killer T cell cytotoxicity in renal ischemia/reperfusion
injury. J Am Soc Nephrol (2016) 27(1):92–106. doi: 10.1681/ASN.2014121248

16. Lee WS, Yang H, Chon HJ, Kim C. Combination of anti-angiogenic therapy and
immune checkpoint blockade normalizes vascular-immune crosstalk to potentiate cancer
immunity. Exp Mol Med (2020) 52(9):1475–85. doi: 10.1038/s12276-020-00500-y

17. 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

18. Chang CC, Dinh TK, Lee YA,Wang FN, Sung YC, Yu PL, et al. Nanoparticle
delivery of MnO2 and antiangiogenic therapy to overcome hypoxia-driven tumor
escape and suppress hepatocellular carcinoma. ACS Appl Mater Interfaces (2020)
12(40):44407–19. doi: 10.1021/acsami.0c08473

19. Liu X, Yi Y. Recent updates on sintilimab in solid tumor immunotherapy.
biomark Res (2020) 8(1):69. doi: 10.1186/s40364-020-00250-z

20. Zhang H, Li Q, Zhu X, Li C, Li X, Liu C, et al. Tolerance, variability, and
pharmacokinetics of bevacizumab biosimilars in Chinese healthy male subjects.
Cancer Chemother Pharmacol (2018) 82(4):615–23. doi: 10.1007/s00280-018-3645-1

21. Yang Y, Wu B, Huang L, Shi M, Liu Y, Zhao Y, et al. Biosimilar candidate
IBI305 plus paclitaxel/carboplatin for the treatment of non-squamous non-small cell
lung cancer. Transl Lung Cancer Res (2019) 8(6):989–99. doi: 10.21037/tlcr.2019.12.23

22. Vaes RDW, Hendriks LEL, Vooijs M, De Ruysscher D. Biomarkers of
radiotherapy-induced immunogenic cell death. Cells (2021) 10(4):930.
doi: 10.3390/cells10040930
Frontiers in Oncology 07
23. De Martino M, Daviaud C, Vanpouille -Box C. Radiotherapy: an immune
response modifier for immuno-oncology. Semin Immunol (2021) 52:101474.
doi: 10.1016/j.smim.2021.101474

24. Principe DR, Kamath SD, Korc M, Munshi HG. The immune modifying
effects of chemotherapy and advances in chemoimmunotherapy. Pharmacol Ther
(2022) 236:108111. doi: 10.1016/j.pharmthera.2022.108111

25. Han S, Lee HW, Park JY, Kim SU, Kim DY, Ahn SH, et al. Appraisal of long-
term outcomes of liver-directed concurrent chemoradiotherapy for hepatocellular
carcinoma with major portal vein invasion. J Hepatocell Carcinoma (2020) 7:403–
12. doi: 10.2147/JHC.S276528

26. Kim J, Byun HK, Kim TH, Kim SI, Kim BK, Kim SU, et al. Liver-directed
concurrent chemoradiotherapy versus sorafenib in hepatocellular carcinoma with
portal vein tumor thrombosis. Cancers (Basel) (2022) 14(10):2396. doi: 10.3390/
cancers14102396

27. Song JE, Jung KS, Kim DY, Song K, Won JY, Lee HW, et al. Transarterial
radioembolization versus concurrent chemoradiation therapy for locally advanced
hepatocellular carcinoma: A propensity score matching analysis. Int J Radiat Oncol
Biol Phys (2017) 99(2):396–406. doi: 10.1016/j.ijrobp.2017.05.049

28. Sahebjam S, Forsyth PA, Tran ND, Arrington JA, Macaulay R, Etame AB,
et al. Hypofractionated stereotactic re-irradiation with pembrolizumab and
bevacizumab in patients with recurrent high-grade gliomas: results from a phase
I study. Neuro Oncol (2021) 23(4):677–86. doi: 10.1093/neuonc/noaa260

29. Okamura R, Kato S, Lee S, Jimenez RE, Sicklick JK, Kurzrock R. ARID1A
alterations function as a biomarker for longer progression-free survival after anti-
PD-1/PD-L1 immunotherapy. J Immunother Cancer (2020) 8(1):e000438.
doi: 10.1136/jitc-2019-000438
frontiersin.org

https://doi.org/10.1681/ASN.2014121248
https://doi.org/10.1038/s12276-020-00500-y
https://doi.org/10.1002/hep.30889
https://doi.org/10.1021/acsami.0c08473
https://doi.org/10.1186/s40364-020-00250-z
https://doi.org/10.1007/s00280-018-3645-1
https://doi.org/10.21037/tlcr.2019.12.23
https://doi.org/10.3390/cells10040930
https://doi.org/10.1016/j.smim.2021.101474
https://doi.org/10.1016/j.pharmthera.2022.108111
https://doi.org/10.2147/JHC.S276528
https://doi.org/10.3390/cancers14102396
https://doi.org/10.3390/cancers14102396
https://doi.org/10.1016/j.ijrobp.2017.05.049
https://doi.org/10.1093/neuonc/noaa260
https://doi.org/10.1136/jitc-2019-000438
https://doi.org/10.3389/fonc.2022.941454
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Encouraging efficacy of a comprehensive therapy consisting of sintilimab, bevacizumab biosimilar IBI305, hypo-fractionated intensity-modulated radiotherapy, and oxaliplatin for a maxillary metastasis from hepatocellular carcinoma: A case report and literature review
	Introduction
	Case description
	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	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 /LeaveColorUnchanged
  /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


