Worlc

al Cases

World ] Clin Cases

Baishideng Publishing Group Inc



g é) World Journal of
Clinical Cases

Contents Thrice Monthly Volume 9 Number 26 September 16, 2021
EDITORIAL
7614  Advances in deep learning for computed tomography denoising
Park SB
REVIEW

7620  Spirituality, religiousness, and mental health: A review of the current scientific evidence

Lucchetti G, Koenig HG, Lucchetti ALG

7632  Role of hospitalization for inflammatory bowel disease in the post-biologic era

Soriano CR, Powell CR, Chiorean MV, Simianu VV

MINIREVIEWS
7643  Combined targeted therapy and immunotherapy for cancer treatment

Guo CX, Huang X, Xu J, Zhang XZ, Shen YN, Liang TB, Bai XL

ORIGINAL ARTICLE
Basic Study

7653  Mechanism of Jianpi Qingchang Huashi Recipe in treating ulcerative colitis: A study based on network
pharmacology and molecular docking

Zheng L, Wen XL, Dai YC

Case Control Study

7671 Common bile duct morphology is associated with recurrence of common bile duct stones in Billroth II
anatomy patients

Ji X, Jia W, Zhao Q, Wang Y, Ma SR, Xu L, Kan Y, Cao Y, Fan BJ, Yang Z

Retrospective Cohort Study
7682  Efficacy of roxadustat in treatment of peritoneal dialysis patients with renal anaemia

Zhu XW, Zhang CX, Xu TH, Jiang GN, Yao L

Retrospective Study

7693  Clinical metagenomic sequencing for rapid diagnosis of pneumonia and meningitis caused by Chlamydia
psittaci

Yin XW, Mao ZD, Zhang Q, Ou QX, Liu J, Shao Y, Liu ZG

7704  Evaluation of the etiology and risk factors for maternal sepsis: A single center study in Guangzhou, China

Lin L, Ren LW, Li XY, Sun W, Chen YH, Chen JS, Chen DJ

WJCC | https://www.wjgnet.com I September 16,2021 | Volume9 | Issue26 |

Jaishideng®



Contents

World Journal of Clinical Cases

Thrice Monthly Volume 9 Number 26 September 16, 2021

7717

7729

7738

7750

7762

Influencing factors for hepatic fat accumulation in patients with type 2 diabetes mellitus

Wu MJ, Fang QL, Zou SY, Zhu Y, Lu W, Du X, Shi BM

Clinical effect of peripheral capsule preservation in eyes with silicone oil tamponade

Jiang B, Dong S, Sun MH, Zhang ZY, Sun DW

Potential effects of the nursing work environment on the work-family conflict in operating room nurses

Fu CM, Ou J, Chen XM, Wang MY

Observational Study
Effect and satisfaction of outpatient services by precision valuation reservation registration

Jin HJ, Cheng AL, Qian JY, Lin LM, Tang HM

Randomized Controlled Trial

Impact of intravenous dexmedetomidine on postoperative bowel movement recovery after laparoscopic
nephrectomy: A consort-prospective, randomized, controlled trial

Huang SS, Song FX, Yang SZ, Hu S, Zhao LY, Wang SQ, Wu Q, Liu X, Qi F

7772

META-ANALYSIS

Comparison of different methods of nasogastric tube insertion in anesthetized and intubated patients: A
meta-analysis

Ou GW, Li H, Shao B, Huang LM, Chen GM, Li WC

7786

7798

7805

7811

7818

7825

7833

CASE REPORT

Secondary injuries caused by ill-suited rehabilitation treatments: Five case reports

Zhou L, Zhou YQ, Yang L, Ma SY

Gastric syphilis mimicking gastric cancer: A case report

Lan YM, Yang SW, Dai MG, Ye B, He FY

Low-grade chondrosarcoma of the larynx: A case report

Vuckovié L, Klisic A, Filipovi¢ A, Popovi¢ M, Culafi¢ T

Pediatric temporal fistula: Report of three cases

Gu MZ, Xu HM, Chen F, Xia WW, Li XY

Treatment for CD57-negative yd T-cell large granular lymphocytic leukemia with pure red cell aplasia: A
case report

Xiao PP, Chen XY, Dong ZG, Huang JM, Wang QQ, Chen YQ, Zhang Y

Rare neonatal malignant primary orbital tumors: Three case reports

Zhang Y, Li YY, Yu HY, Xie XL, Zhang HM, He F, Li HY

Carbon ion radiotherapy for bladder cancer: A case report

Zhang YS, Li XJ, Zhang YH, Hu TC, Chen WZ, Pan X, Chai HY, Wang X, Yang YL

JBaishideng®

WJCC | https://www.wjgnet.com I September 16,2021 | Volume9 | Issue26 |



World Journal of Clinical Cases

Contents
Thrice Monthly Volume 9 Number 26 September 16, 2021

7840  Extravasation of chemotherapeutic drug from an implantable intravenous infusion port in a child: A case
report

Lv DN, Xu HZ, Zheng LL, Chen LL, Ling Y, Ye AQ

7845  Chronic active Epstein-Barr virus infection treated with PEG-aspargase: A case report

Song DL, Wang JS, Chen LL, Wang Z

7850  Omental mass combined with indirect inguinal hernia leads to a scrotal mass: A case report

LiuJY, Li SQ, Yao SJ, Liu Q

7857  Critical lower extremity ischemia after snakebite: A case report

Lu ZY, Wang XD, Yan J, Ni XL, Hu SP

7863  Migration of the localization wire to the back in patient with nonpalpable breast carcinoma: A case report

Choi YJ

7870  Uniportal video-assisted thoracoscopic surgery for complex mediastinal mature teratoma: A case report

Hu XL, Zhang D, Zhu WY

7876  Congenital disorder of glycosylation caused by mutation of ATP6API gene (c.1036G>A) in a Chinese
infant: A case report

Yang X, Lv ZL, Tang Q, Chen XQ, Huang L, Yang MX, Lan LC, Shan QW

7886  Rare monolocular intrahepatic biliary cystadenoma: A case report

Che CH, Zhao ZH, Song HM, Zheng YY

7893  Hepatocellular carcinoma with inferior vena cava and right atrium thrombus: A case report
Liu J, Zhang RX, Dong B, Guo K, Gao ZM, Wang LM
7901  Delayed diagnosis of ascending colon mucinous adenocarcinoma with local abscess as primary

manifestation: Report of three cases

Han SZ, Wang R, Wen KM

7909  Gastrointestinal bleeding caused by syphilis: A case report

Sun DJ, Li HT, Ye Z, Xu BB, Li DZ, Wang W

7917  Transient involuntary movement disorder after spinal anesthesia: A case report

Yun G, Kim E, Do W, Jung YH, Lee HJ, Kim Y

7923  Diagnosis and treatment of an inborn error of bile acid synthesis type 4: A case report

Wang SH, Hui TC, Zhou ZW, Xu CA, Wu WH, Wu QQ, Zheng W, Yin QQ, Pan HY

7930  Malignant fibrous histiocytoma of the bone in a traumatic amputation stump: A case report and review of
the literature

Zhao KY, Yan X, Yao PF, Mei J

Guieidenge WICC | https://www.wjgnet.com 111 September 16,2021 | Volume9 | Issue26 |



World Journal of Clinical Cases
Contents
Thrice Monthly Volume 9 Number 26 September 16, 2021
7937  Rare complication of acute adrenocortical dysfunction in adrenocortical carcinoma after transcatheter
arterial chemoembolization: A case report
Wang ZL, Sun X, Zhang FL, Wang T, Li P
7944  Peripherally inserted central catheter placement in neonates with persistent left superior vena cava: Report
of eight cases
Chen Q, Hu YL, Li YX, Huang X
7954  Subcutaneous angiolipoma in the scrotum: A case report
Li SL, Zhang JW, Wu YQ, Lu KS, Zhu P, Wang XW
LETTER TO THE EDITOR
7959  Should people with chronic liver diseases be vaccinated against COVID-19?
Chen LP, Zeng QH, Gong YF, Liang FL
Bishidenge WVJCC | https://www.wjgnet.com IX September 16,2021 | Volume9 | Issue26 |



World Journal of Clinical Cases

Contents
Thrice Monthly Volume 9 Number 26 September 16, 2021

ABOUT COVER

Editorial Board Member of World Journal of Clinical Cases, Alessandro Leite Cavalcanti, DDS, MSc, PhD, Associate
Professor, Department of Dentistry, State University of Paraiba, Campina Grande 58429500, Paraiba, Brazil.
alessandrouepb@gmail.com

AIMS AND SCOPE

The primary aim of World Journal of Clinical Cases (WJCC, World | Clin Cases) is to provide scholars and readers from
various fields of clinical medicine with a platform to publish high-quality clinical research articles and
communicate their research findings online.

WJCC mainly publishes articles reporting research results and findings obtained in the field of clinical medicine
and covering a wide range of topics, including case control studies, retrospective cohort studies, retrospective
studies, clinical trials studies, observational studies, prospective studies, randomized controlled trials, randomized
clinical trials, systematic reviews, meta-analysis, and case reports.

INDEXING/ABSTRACTING

The WJCC is now indexed in Science Citation Index Expanded (also known as SciSearch®), Journal Citation
Reports/Science Edition, Scopus, PubMed, and PubMed Central. The 2021 Edition of Journal Citation Reports®
cites the 2020 impact factor (IF) for WJCC as 1.337; IF without journal self cites: 1.301; 5-year IF: 1.742; Journal
Citation Indicator: 0.33; Ranking: 119 among 169 journals in medicine, general and internal; and Quartile category:
Q3. The W]JCC's CiteScore for 2020 is 0.8 and Scopus CiteScore rank 2020: General Medicine is 493/793.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Jia-Hui Li; Production Department Director: Yu-Jie Ma; Editorial Office Director: Jin-Iei Wang.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Clinical Cases https:/ /www.wijgnet.com/bpg/getinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS
ISSN 2307-8960 (online) https:/ /www.wjgnet.com/bpg/Gerlnfo/287
LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH
April 16, 2013 https:/ /www.wijgnet.com/bpg/gerinfo/240
FREQUENCY PUBLICATION ETHICS

Thrice Monthly https://www.wjgnet.com/bpg/Gerlnfo/288
EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Dennis A Bloomfield, Sandro Vento, Bao-Gan Peng https:/ /www.wijgnet.com/bpg/gerinfo/208
EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https:/ /www.wjgnet.com/2307-8960/ editorialboard.htm https:/ /www.wjgnet.com/bpg/gerinfo/242
PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS
September 16, 2021 https:/ /www.wignet.com/bpg/Gerlnfo/239
COPYRIGHT ONLINE SUBMISSION

© 2021 Baishideng Publishing Group Inc https:/ /www.f6publishing.com

© 2021 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wijgnet.com https://www.wjgnet.com

JBaishideng®

WJCC | https://www.wjgnet.com X September 16,2021 | Volume9 | Issue26 |


https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/2307-8960/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com

7|0\

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.12998 / wijcc.v9.i26.7643

World Journal of
Clinical Cases

World ] Clin Cases 2021 September 16; 9(26): 7643-7652

ISSN 2307-8960 (online)

MINIREVIEWS

Combined targeted therapy and immunotherapy for cancer treatment

Cheng-Xiang Guo, Xing Huang, Jian Xu, Xiao-Zhen Zhang, Yi-Nan Shen, Ting-Bo Liang, Xue-Li Bai

ORCID number: Cheng-Xiang Guo
0000-0002-9542-5532; Xing Huang
0000-0002-8886-2777; Jian Xu 0000-
0001-8132-8988; Xiao-Zhen Zhang
0000-0003-3567-8789; Yi-Nan Shen
0000-0003-4193-7206; Ting-Bo Liang
0000-0003-0143-3353; Xue-Li Bai
0000-0002-2934-0880.

Author contributions: Guo CX and
Huang X contributed equally to
this work; Guo CX and Huang X
contributed to concept and design
and manuscript drafting; Xu J,
Zhang XZ and Shen YN collected
and summarized the relevant
research information; Liang TB and
Bai XL contributed to the critical
manuscript revision; All authors
have read and approve the final
manuscript.

Supported by The National Key
Research and Development
Program of China, No.
2019YFC1316000, the National
High Technology Research and
Development Program of China,
No. 2015AA020405, the National
Natural Science Foundation of
China, No. 81672337; and China
Postdoctoral Science Foundation,
No. 2020M671761.

Conflict-of-interest statement: The
authors declare no potential
conflicts of interest.

Open-Access: This article is an
open-access article that was
selected by an in-house editor and
fully peer-reviewed by external

Jaishideng®

WJCC | https://www.wjgnet.com

Cheng-Xiang Guo, Xing Huang, Jian Xu, Xiao-Zhen Zhang, Yi-Nan Shen, Ting-Bo Liang, Xue-Li Bai,
Department of Hepatobiliary and Pancreatic Surgery, The First Affiliated Hospital, Zhejiang
University School of Medicine, Hangzhou 310003, Zhejiang Province, China

Corresponding author: Xue-Li Bai, MD, PhD, Chief Doctor, Executive Vice President,
Professor, Research Scientist, Surgeon, Department of Hepatobiliary and Pancreatic Surgery,
The First Affiliated Hospital, Zhejiang University School of Medicine, No. 79 Qingchun Road,
Shangcheng District, Hangzhou 310003, Zhejiang Province, China. shirleybai@zju.edu.cn

Abstract

Although targeted therapies and immunotherapies have been effective against
several malignancies, the respective monotherapies are limited by low and/or
short-term responses. Specific inhibitors of oncogenic signaling pathways and
tumor-associated angiogenesis can activate the anti-tumor immune responses by
increasing tumor antigen presentation or intratumor T cell infiltration. Additional
insights into the effects and mechanisms of targeted therapies on the induction of
anti-tumor immunity will facilitate development of rational and effective combi-
nation strategies that synergize rapid tumor regression and durable response. In
this review, we have summarized the recent combinations of targeted therapies
and immunotherapies, along with the associated clinical challenges.

Key Words: Cancer; Targeted therapy; Immunotherapy; Combined treatment

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: There has been considerable interest in combining systemic and immune-
related therapies for the anti-tumor treatment of cancer. Additional insights into the
effects and mechanisms of targeted therapies on the induction of anti-tumor immunity
will aid the development and design of effective strategies, with the synergistic po-
tential for rapid tumor regression and a durable response. Targeting specific signaling
pathways may help in overcoming the mechanisms of immunotherapy resistance. We
briefly review the immunomodulatory effects of targeted therapies and immuno-
therapies and discuss the obstacles associated with them, which may be useful for the
development of novel basic research or clinical trials.

Citation: Guo CX, Huang X, Xu J, Zhang XZ, Shen YN, Liang TB, Bai XL. Combined targeted
therapy and immunotherapy for cancer treatment. World J Clin Cases 2021; 9(26): 7643-7652
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INTRODUCTION

Recent advances in targeted therapies and immunomodulatory anti-cancer therapies
have revolutionized the standard of care for several malignancies. Unlike traditional
chemo- or radiation therapies that indiscriminately kill the rapidly dividing cells, the
aim of cancer immunotherapy is to activate effector T cells against cancer-specific
antigens, which selectively clear the malignant cells. The immune checkpoint inhi-
bitors (IClIs) target the cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) and
programmed cell death protein-1 (PD-1)/programmed cell death ligand-1 (PD-L1)
pathways that are constitutively activated in cancer cells and enable them to evade an
immune response. However, this strategy is limited by the risk of autoimmunity and
overall lower response rates[1-4]. In addition, studies show that while immunothera-
peutic approaches can potentially achieve relatively long-term disease control, the
median duration of achieving peak response is significantly longer, resulting in
delayed tumor regression[5]. Therefore, there is an urgency to develop novel immuno-
therapeutic strategies against cancer in order to achieve a strong and durable immune
response.

Several oncogenic mutations have been identified over the past decades that not
only drive the malignant progression of tumors but are also potential therapeutic
targets[6-9]. However, the high response rates elicited by drugs targeting these mu-
tations is offset by the short duration of response, resulting in tumor progression
within a median duration of 6 mo[10]. Combination of immunotherapy with signal
transduction inhibitors has achieved positive results in terms of improving patient
response, although resistance is a major issue, and most patients relapse within a year
[11]. Therefore, studies have increasingly focused on the resistance mechanisms that
reactivate oncogenic pathways or stromal interactions in order to develop more effe-
ctive drugs[12]. In addition, some drugs not only target tumor angiogenesis and/or
cancer cell growth but also facilitate immune recognition, thereby sensitizing the
cancer cells to immunotherapy[13].

The major obstacle to generating an effective anti-tumor immune response is the
immunosuppressive tumor microenvironment (TME), which is the result of sparse
tumor-specific T cells and multiple immunosuppressive factors[14]. Studies increa-
singly show that the optimal therapeutic efficacy of several anti-neoplastic agents is
largely determined by their ability to influence the tumor-host interaction, including
activation of an immune response against the cancer cells[15]. Pre-clinical reports in
fact provide a solid rationale for combining tumor-targeted and immunotherapies in
order to enhance tumor clearance[16], and several ongoing clinical trials are assessing
the potential synergistic effects of both approaches (Table 1). In this review, we have
summarized several combination therapies and their mechanisms and discussed the
clinical considerations and challenges of these strategies.

STRATEGY 1: COMBINATION OF EPIGENETIC THERAPIES WITH
IMMUNOTHERAPY

Epigenetic gene silencing or constitutive activation are frequent during cancer initi-
ation and progression and are regulated by reversible DNA methylation and histone
acetylation. Therefore, DNA and histone modification pathways are promising targets
for cancer therapy[17,18]. The DNA methyltransferase inhibitors (e.g., azacitidine) and
histone deacetylase inhibitors (e.g., entinostat) activate both intrinsic and extrinsic
pathways of apoptosis in the malignant cells[19]. In addition, these epigenetic mo-
dulators enhance tumor cell recognition and immunogenicity by upregulating the
major histocompatibility complex molecules and natural killer cell receptor ligands
and increasing the activity of proinflammatory cytokines[20]. For instance, histone
deacetylase inhibitors augmented the anti-tumor activity of high dose interleukin-2
against the modified lung cancer cell line TC-1 and the Renca murine kidney cancer
model[21,22]. In addition, the combination of entinostat and azacitidine with PD-1 and
CTLA-4 checkpoint blockers led to complete tumor regression and prevented me-
tastasis in 4T1 tumor mouse models. Apart from directly inhibiting tumor growth, this
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Table 1 Clinical trials combining targeted therapies and immunotherapies
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Targeted Immunological _— Number
Target g . g Immunotherapy Indication Phase NCT number
Therapy mechanisms Enrolled
DNMT Azacitidine Targeting PD-lonT  Pembrolizumab HR-MDS I 40 NCT03094637
cells
Azacitidine Induce tumor-cell- Peptide vaccination AML I 15 NCT02750995
specific immunity
HDAC Entinostat Targeting PD-L1 on Nivolumab CCA/PDAC I 54 NCT03250273
tumor cells
Entinostat Targeting PD-1onT ~ Pembrolizumab MIBC II 20 NCT03978624
cells
Entinostat Targeting PD-L1 on Atezolizumab HER2" breast I 126 NCT03280563
tumor cells cancer
MEK Binimetinib Pembrolizumab NSCLC 1 40 NCT03991819
& Dabrafenib Targeting PD-lonT  Pembrolizumab Melanoma II 60 NCT02858921
cells
BRAF +Trametinib
Combimetinib Targeting PD-L1 on Atezolizumab Melanoma I 30 NCT03554083
tumor cells
Combimetinib Atezolizumab NSCLC I 48 NCT03660701
Vemurafenib Atezolizumab Melanoma I 90 NCT02303951
+Cobimetinib
VEGF Lenvatinib Pembrolizumab Hepatobiliary I 50 NCT03895970
tumors
Ziv-Aflibercept Targeting PD-lonT  Pembrolizumab Solid tumors I 78 NCT02298959
cells
Bevacizumab Targeting PD-L1 on Atezolizumab HNSCC I 110 NCT03818061
tumor cells
Ramucirumab Atezolizumab NSCLC I 21 NCT03689855
PI3K Duvelisib Pembrolizumab HNSCC I/11 30 NCT04193293
Idelalisib Targeting PD-1on T Pembrolizumab NSCLC I/1 40 NCT03257722
cells
Copanlisib Targeting PD-L1 on Nivolumab Colon cancer 1 54 NCT03711058

tumor cells

AML: Acute myeloid leukemia; BRAF: B-Raf proto-oncogene; CCA: Cholangiocarcinoma; DNMT: DNA methyltransferase; HDAC: Histone deacetylase;
HER2: Human epidermal growth factor receptor 2-positive; HNSCC: Head-and-neck squamous cell carcinoma; HR-MDS: Higher-risk myelodysplastic

syndromes; MEK: Mitogen-activated protein kinase kinase; MIBC: Muscle-invasive bladder cancer; NSCLC: Non-small cell lung cancer; PD-1:

Programmed cell death protein-1; PDCA: Pancreatic ductal adenocarcinoma; PD-L1: Programmed cell death ligand-1; PI3K: Phosphoinositide 3-kinase;
VEGEF: Vascular endothelial growth factor.

Jaishideng®

combination therapy enhanced the anti-tumor response by decreasing the number of
granulocytic myeloid-derived suppressor cells in the TME[23]. The efficacy of antigen-
specific adoptive cell transfer in the pmel-1 melanoma mouse model was enhanced
with the inclusion of epigenetic drugs[24]. Furthermore, histone deacetylase inhibitors
used in combination with the anti-CD137 or anti-CD40 antibodies stimulated antigen
cross-presentation and enhanced the proliferation and survival of CD8" T cells against
subcutaneous tumors[25]. Several clinical trials on the effect of azacitidine and
entinostat in combination with ICIs against lung cancer or metastatic melanoma are
currently in the recruiting stage.
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STRATEGY 2: COMBINATION OF MAPK-MEK INHIBITORS WITH
IMMUNOTHERAPY

The mitogen-activated protein kinase (MAPK) signaling axis is a critical driver of
tumorigenesis, and nearly half of all malignant melanomas harbor the mutant B-Raf
proto-oncogene'®* (BRAF)[6], which has been associated with immune escape and an
immunosuppressive TME. The targeted inhibition of MAPK pathway signaling with
BRAF and mitogen-activated protein kinase kinase (MEK) inhibitors can counteract
this immunosuppressive effect[26], indicating a potential synergy between targeted
therapy and immunotherapy. Indeed, MAPK pathway inhibition in both melanoma
cell lines and tissues increases the expression of melanoma differentiation antigens,
which in turn primes the antigen-specific T cells[27,28]. MAPK inhibitors can also
augment anti-tumor immunity by increasing intratumoral T cell infiltration and
altering the immune status of the TME, likely through blocking signals that elicit T cell
exhaustion or apoptosis and downregulating immune suppressive factors or chemo-
kines[29].

There is also evidence that pharmacological inhibition of MAPK signaling augments
the effect of ICIs. In a BRAFV**-driven murine model of melanoma, combination of a
BRAF inhibitor and adoptive transfer of engineered T cells resulted in stronger anti-
tumor responses compared to either therapy alone[30]. Interestingly, immune che-
ckpoint blockade also augmented the effect of BRAF inhibitors against metastatic
melanoma, in addition to activating the tumor-infiltrating T cells[31,32]. In patients
with metastatic colorectal cancer, the MEK inhibitor cobimetinib synergized with the
anti-PD-L1 antibody atezolizumab to enhance anti-tumor efficacy.

STRATEGY 3: COMBINATION OF VEGF INHIBITORS WITH
IMMUNOTHERAPY

Vascular endothelial growth factor A (VEGFA) and its receptors (VEGFRs) are crucial
for early tumor angiogenesis. Therapeutic agents targeting VEGFA or VEGFRs,
including bevacizumab, sorafenib and sunitinib, are currently approved for the
treatment of several malignancies[33]. In addition to hindering the recruitment and
infiltration of T cells and other immune cells into the tumor[34], high levels of VEGFA
can also directly inhibit the anti-tumor immune response by suppressing dendritic cell
differentiation and activity and upregulating checkpoint molecules on CD8" T cells[35,
36]. Studies on mouse models show a significant association between normalization of
tumor vasculature with VEGFA /VEGEFRs inhibitors and positive immunological chan-
ges in neoplastic tissues[37,38].

In addition, clinical studies have also reported that VEGFA and VEGFR inhibitors
synergize with immunotherapies to enhance anti-tumor immune responses and the
associated clinical benefits. For example, the autologous cell-based vaccine sipuleucel-
T and bevacizumab enhance tumor antigen presentation in patients with recurrent
early-stage prostate cancer[39]. Likewise, bevacizumab augmented the efficacy of anti-
CTLA-4 antibody ipilimumab in advanced metastatic melanoma and increased in-
tratumor immune cell infiltration, which translated to greater clinical responses[40]. A
synergistic interaction has also been observed between bevacizumab and anti-PD-L1
therapy in patients with renal cell carcinoma. The combination of immunotherapies
with other tumor vasculature modulators, such as the angiopoietin/Tie2 signaling
pathway, is also a promising strategy for cancer therapy.

STRATEGY 4: COMBINATION OF PI3K-AKT-MTOR SIGNALING
INHIBITORS WITH IMMUNOTHERAPY

The phosphoinositide 3-kinase (PI3K)-protein kinase B-mechanistic target of rapa-
mycin (mTOR) signaling pathway is critical to oncogenic progression as well as the
differentiation, homeostasis and functions of effector T cells and regulatory T (Treg)
cells[41]. Phosphatase and tensin homolog deficiency and subsequent activation of
PI3K signaling in melanoma or glioblastoma multiforme patients correlate with in-
creased expression of PD-L1 and immune evasion, resulting in resistance to ICls.
Furthermore, preclinical studies show that a selective PI3K inhibitor improves the
efficacy of immune checkpoint blockade by augmenting T cell trafficking and/or
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increasing T cell-mediated tumor cell killing[42,43]. Inhibition of PI3K in Treg cells
also facilitates anti-tumor immune activation in preclinical models of melanoma and
lymphomal[44], indicating the therapeutic potential of combining PI3K inhibition with
PD-1/PD-L1 blockade. In fact, the PI3K-specific inhibitor idelalisib has been tested
clinically along with PD-1 blockade in patients with relapsed chronic lymphocytic
leukemia and indolent lymphomal45,46]. Although mTOR inhibitors are often used
for immune suppression after organ transplantation, there are reports indicating a
positive effect on anti-tumor CD8 effector T cell expansion and the long-lived memory
response[47-49]. The therapeutic effects of mTOR inhibitor rapamycin or its derivative
were augmented by anti-cancer vaccine (e.g., HSP110) or an agonistic CD40 mono-
clonal antibody in mouse syngeneic graft models of renal cell carcinoma and mela-
noma through increased tumor infiltration of T cells[50,51].

CHALLENGES OF COMBINATION THERAPIES

Several combinations of tumor-targeted and immunotherapies are currently under-
going clinical evaluation. However, it is vital to determine the proper sequence,
dosage and timing of the individual therapies in order to minimize toxicity and
optimize efficacy as well as select appropriate endpoints to assess therapeutic efficacy.

The potential cumulative toxicity of these combination therapies is a major cha-
llenge. For instance, several clinical trials have been terminated on account of un-
predicted hepatotoxicity[52]. While PD-1/PD-L1 blockade is associated with lower
toxicity compared to anti-CTLA-4 monotherapy, it is unclear whether this will tran-
slate to combination therapies with other targeted agents[1-3]. The combination of
MAPK inhibitors and immunotherapies also result in adverse effects that are typically
assuaged once the treatment is withdrawn. Nevertheless, the potential toxicity of these
combination treatments should be evaluated and monitored carefully during clinical
trials.

In order to minimize unexpected toxicity due to novel targeted agents (e.g., CDK4,
PI3K, MDM2, FGFR and ¢-MET inhibitors) and immunotherapeutic drugs (e.g., TIM-3,
LAG-3, B7-H3, OX40/OX40L and ICOS/ICOSL inhibitors)[5,53], the proper sequence,
schedule and duration of the treatment regimens should be determined. Considering
the rapid clinical response to targeted drugs, they would likely be preferred for the
initial regimen against advanced tumors. Preliminary data point to a narrow window
of approximately 10-14 d post BRAF-targeted therapy for maximum T cell recruitment
and activation. The beneficial effects of BRAF inhibitors on the melanoma TME, such
as increased infiltration of T cells in the tumors and overexpression of melanocyte
differentiation antigens, are short lived and disappear within 4 wk of treatment and
may even exacerbate tumor progression[32,54]. Therefore, the immunomodulatory
agent should be introduced early during the treatment to prevent relapse and disease
progression. Nonetheless, these findings are extracted from limited data and need
further validation in in vivo murine models and clinical trials.

The mTOR inhibitors can have a dual effect on immune cells, depending on their
dosage and treatment duration. For example, rapamycin promotes anti-tumor immune
response when administered at low doses after immunization, T cell receptor sti-
mulation or under homeostatic conditions[55], whereas high-doses given prior to the
vaccine may expand the immunosuppressive Treg cell population[56]. In addition, a 6
wk regimen of everolimus before influenza immunization is clinically tolerable and
can enhance immune response by decreasing the percentage of PD-1-expressing
peripheral CD4* and CD8'T cells[57]. Thus, short-term administration of low dose
mTOR inhibitor is potentially immunostimulatory. Since anti-tumor immunity is
affected by prepriming of T cells, the metabolic state of Treg cells and the TME[55,56],
the combination of low-dose mTOR inhibition with ICIs warrants further invest-
igation.

Some oncogenic pathways, such as the MAPK pathway, are also critical to normal
immune functions. Therefore, a potential drawback of targeted therapy (e.g., MEK
inhibitors) is general immunosuppression, which can increase the risk of infections. In
fact, some preclinical studies have reported impaired T cell proliferation and function
by MEK inhibitors. However, no significant differences were seen in the number of
infiltrating T lymphocytes in patients treated with BRAF + MEK inhibitors compared
to BRAF inhibitor alone. Furthermore, recent preclinical data indicate that MEK in-
hibitors are compatible with checkpoint inhibitors[29,32]. Thus, the effect of MAPK
pathway inhibitors and immunomodulators on immune cell populations need to be
analyzed further.
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The appropriate endpoints for assessing the efficacy of any regimen are another
challenge in designing and executing clinical studies. A small percentage of patients
undergoing immunotherapy may have a delayed or complex response that some pa-
tients were observed to have new lesions before a response followed by immuno-
therapy, whereas, in other patients, characterized by an initial increase in the size or
volume of their lesions, they became smaller[58-60]. This phenomenon is evidence of
pseudo-progression resulting from significant immune cell infiltration into the tumor.
In such cases, the Response Evaluation Criteria in Solid Tumors cannot be used to
define therapeutic response, since an increase in tumor size or the development of new
lesions require modifications in the regimen. Taking into account the immune-related
response, clinical trials on the combination of targeted therapies and immunotherapies
need a modified approach for evaluating clinical benefit.

Novel combination treatment strategies rely on the identification of predictive
biomarkers and establishing biological proof of concept of therapeutic efficacy. How-
ever, evidence of a biological role of the potential targets may not be related to the
actual anti-tumor mechanism in combination therapies, and the effects can differ
between peripheral blood vs tumor cells as well as in different immune cell subsets. In
addition, the biological effects established in single-agent studies may be altered when
combined with immunotherapies, even in the absence of any correlation with clinical
response[61]. For example, T cell blockade by MEK inhibitors may not be clinically
relevant since the number of infiltrating T lymphocytes is similar in patients receiving
combined BRAF-MEK inhibitor or BRAF inhibitor monotherapy[32]. This is a factor
that can complicate the selection of optimal dose and schedules for phase II and III
trials.

The efficacy of current immune-based therapies is largely dependent on the pre-
existing, active anti-tumor inflammatory response. Therefore, additionally enhancing
antigen presentation by tumor cells and improving the function of immune cells can
markedly increase anti-tumor activity. For example, drugs that enhance T cell tra-
fficking and infiltration into the TME can augment the effect of anti-PD-1/anti-PD-L1
blockade, whereas increasing tumor cell antigenicity or dendritic cell activity may
synergize better with anti-CTLA-4 antibodies. This is related to the different me-
chanisms of PD-1/PD-L1 and CTLA-4 signals, which respectively target T cell killing
of tumor cells and T cell priming in the lymph nodes[16]. The effect of targeted the-
rapies on tumor cell growth, immune system and stromal cell functions depends on
the tumor type. Therapeutic strategies that stimulate a de novo innate immune res-
ponse in tumors lacking immune cell infiltration can possibly be effective against a
wide range of tumors. Furthermore, augmenting immune priming and increasing the
expression and presentation of tumor-derived antigens or neoantigens can synergize
effectively with therapeutic agents that modulate T cell functions and reverse the
immunosuppressive state of the TME. Local radiation therapy also complements
immunotherapy by stimulating the release of tumor-associated antigens that prime
immune cells and destroying the immunosuppressive tumor-supporting stroma. A
recent clinical trial reported marked therapeutic effects of combining local irradiation
and ipilimumab with PD-1 blockade in patients with melanoma[62].

CONCLUSION

Several anti-tumor targeted therapies can sensitize cancer cells to immunotherapy. In
addition, the rapid response of targeted therapies can synergize with the more durable
response of immunotherapy. Further investigation is needed on the potential immune-
modulatory effects of these combination therapies in order to optimize therapeutic
efficacy. Additional clinical trials are also needed to determine the toxicity and
sequence of combination therapies.
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