
INTRODUCTION

Cancer is the leading cause of death in the world (Bray et 
al., 2018). In particular, 90% of cancer deaths are caused by 
cancer metastasis (Bray et al., 2018). In order to overcome 
this fatal disease, we need to understand what cancer is. 
Based on several studies, cancer is now considered a disease 
of organs rather than a genetic diseases. Thus, cancer should 
be understood as an abnormal organs containing various cel-
lular aggregates resulting in a whole-body tumour microenvi-
ronment (Egeblad et al., 2010). 

The first purpose of this review is to share with researchers 
the concept that immunotherapeutic agents against cancer 
can be combined with other anticancer drugs leading to tu-
mour regression. The next step might be to determine which 
target-controlling drug would be appropriate in combination 
with immunotherapy. We wanted to find clues that could help 
determine an answer to this question based on the experi-
ences of healers (those who overcome cancer) and based on 
spontaneous regression (a phenomenon of natural healing of 
cancer) (Sengupta et al., 2010; Turner, 2014). From this, we 
investigate substances that regulates neurological, inflamma-
tory, and hypoxic tumour microenvironments (NIH), which is 
regarded as a promising target for combination with immuno-

therapy.
Of course, while developing compounds that control these 

NIHs, we believed that there were many ways to attain tu-
mour regression. In future, combination studies involving 
compounds that regulate promising new targets that we have 
overlooked are also likely to be pursued.

WHAT IS CANCER?

Hallmarks of cancer 
The hallmarks of cancer are summarized in 10 categories 

(Fig. 1) (Hanahan and Weinberg, 2011). They include main-
tenance of proliferation signals, avoidance of growth inhibi-
tion, avoidance of immune destruction, possible replication 
immortality, inflammation promoting cancer, invasion and 
metastasis, induction of angiogenesis, genetic instability and 
mutation, resistance to apoptosis, and de-regulation of cellular 
metabolism (Hanahan and Weinberg, 2011). It is believed that 
it is possible to inhibit cancer by blocking these features (Fig. 
1) (Hanahan and Weinberg, 2011).
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Changing trends in anticancer research have altered the treatment paradigm to the extent that it is difficult to investigate any 
anticancer drugs without mentioning immunotherapy. Thus, we are finally contemplating tumour regression using magic bullets 
known as immunotherapy drugs. This review explores the possible options and pitfalls in tumour regression by first elucidating 
the features of cancer and the importance of tumour microenvironments. Next, we evaluated the trends of anticancer therapeutics 
regulating tumour microenvironment. Finally, we introduced the concept of tumour regression and various targets of tumour micro-
environment, which can be used in combination with current immunotherapy for tumour regression. In particular, we emphasize 
the importance of regulating the neurological manifestations of tumour microenvironment (N) in addition to inflammation (I) and 
hypoxia (H) in cancer.
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Clonal evolution of cancer, plasticity and tumour 
heterogeneity 

Cancer has evolved via an iterative process of clonal expan-
sion, genetic diversity, and clonal selection (McGranahan and 
Swanton, 2017). In particular, it is selected by resistance to 
anticancer drugs. In addition, treatment with anticancer drugs 
inhibits cancer cells heterogeneity, and facilitates the survival 
of resistant cancer cells (Jamal-Hanjani et al., 2015). Cancer 
cells also exhibit plasticity, which is altered by tumour micro-
environment (da Silva-Diz et al., 2018). Accordingly, cancer 
cells initiated by a single clone exhibit heterogeneity. Genetic 
mutations, epigenetics, and changes in tumour microenviron-
ment are major contributors to tumour heterogeneity. Blocking 
the action of tumour microenvironment is a good strategy to 
overcome cancer heterogeneity for preventing cancer growth 
(Roma-Rodrigues et al., 2019).

TUMOUR MICROENVIRONMENT

Importance of tumour microenvironment
Regulation of tumour microenvironment is emerging as an 

important strategy in overcoming cancer heterogeneity since 
tumour microenvironment itself contributes to heterogeneity of 
cancer (Junttila and de Sauvage, 2013; Park and Lee, 2019). 
Noncancerous cells constituting tumour microenvironments 
include macrophages, dermal cells, vascular endothelial cells, 
and neutrophils, which promote or inhibit cancer (Bhome et 
al., 2015; Park and Lee, 2019). It is therefore necessary to re-
train the microenvironment that promotes cancer to a microen-

vironment that inhibits cancer (Quail and Joyce, 2013; Kowal 
et al., 2019; Park and Lee, 2019). In particular, the ability of 
immune cells to destroy cancer cells is low in tumour micro-
environment. Immune checkpoint inhibitors (ICIs) can retrain 
immune cells to attack cancer cells (Egeblad et al., 2010).

Emergence of resistance to therapies for tumour 
microenvironment and the need for combination therapy 

In the case of glioblastoma multiforme (GBM), the major 
cells in tumour microenvironment include macrophages and 
microglia, constituting 30% of the total cancer cells. Inhibi-
tion of the colony-stimulating factor-1 receptor (CSF-1R) has 
been demonstrated in animal models, however, 50% of the 
mice show recurrent cancer, which may result in mutations in 
macrophages. Animal models have suggested that increased 
production of IGF-1 by IL-4 treatment of these macrophages 
induces activation of the PI3K pathway in cancer cells, there-
by promoting survival and invasion of cancer cells (Pyonteck 
et al., 2013; Quail et al., 2016). In this study, the recurrence of 
cancers in mice was inhibited by a combination of anti-CSF-
1R therapy and IGF pathway inhibitor, which suppressed the 
cancer cell resistance induced by macrophages. This finding 
suggests that even in the case of therapeutic agents regulat-
ing tumour microenvironment, the risk of mutations was lower 
than in cancer cells; however, a combination approach may be 
required to overcome the possible resistance. 

TRENDS IN ANTICANCER THERAPY: EMERGENCE 
AND LIMITATION OF IMMUNOTHERAPY

Recent key results in cancer therapeutics
The development of antiviral drug against hepatitis C en-

countered new experiences. Harvoni, a combination drug with 
various mechanisms (including Sovaldi) to treat patients with 
hepatitis C, which accounts for 10% of the causes of hepa-
tocellular carcinoma, has resulted in 94-99% cure rate, and 
not only improved symptoms, but also obviated the need to 
changing medications in cases associated with severe muta-
tions (Fig. 2) (Keating, 2015). Ironically, the number of patients 
decreased and sales declined (Lindsley, 2017). 

An unexpected surprise occurred in the development of 
anticancer drugs. For example, Tasigna, an anticancer drug 
for chronic myelogenous leukemia, acquired a treatment free 
remission label (Fig. 2) (Hochhaus et al., 2017; Mahon et al., 
2018). Treatment-free remission refers to molecular response 
even after discontinuing drug therapy, especially in patients 
with Philadelphia chromosome-positive chronic myelogenous 
leukemia (Hochhaus et al., 2017). Another striking example 
is related to former US President Jimmy Carter who suffered 
melanoma, which had spread to the brain. Pembrolizumab 
(Keytruda®), an antibody drug binding to the PD-1 receptor, 
has been used to successfully treat metastatic melanoma (Fig. 
3) (Choi and Yang, 2018). ICI attracted the attention of general 
public, after MRI scans of Jimmy Carter’s brain showed the 
disappearance of metastatic melanoma after treatment with 
pembrolizumab (Keytruda®). Thus, immunotherapy is a key 
factor to induce tumour regression.

Emergence of immunotherapy
It is impossible to treat the heterogeneity and plasticity of 

cancer cells with targeted therapy. Immunotherapy including 
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Fig. 1. Hallmarks of cancer. Hallmarks of cancer include main-
tenance of proliferation signals, avoidance of growth inhibition, 
avoidance of immune destruction, possible replication immortality, 
inflammation promoting cancer, invasion and metastasis, induc-
tion of angiogenesis, genetic instability and mutation, resistance to 
apoptosis, and de-regulation of cellular metabolism (Hanahan and 
Weinberg, 2011). Seven of cancer hallmarks are originated from 
cancer cells, while the remaining are related to tumour microenvi-
ronments.
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monoclonal antibodies, ICIs, cancer vaccines, and cell-based 
therapies, has been used to control the heterogeneity of can-
cer cells. ICIs induced a marked response in melanoma and 
non-small cell lung cancer, and CAR-T therapy evoked a simi-
lar response in B-cell acute lymphoblastic leukaemia (Khalil 
et al., 2016; Park et al., 2018). In addition, a variety of clinical 
trials involving cancer immunotherapies (more than 1,700) are 
listed at ClinicalTrials.gov (Ventola, 2017a). 

However, immunotherapy is not a panacea for all cancers. 
Evidence supporting clinical response with ICIs is accumu-
lating in many different types of cancer, leading to expanded 
treatment indications for these agents (Helissey et al., 2016). 
Indeed, clinical trial data have shown that approximately 15% 
to 25% (or higher) of patients with various types of cancer 

respond to ICIs (Grady, 2016). Positive objective response 
rates (ORR) following ICI treatment have been reported in 
many malignancies, including gastric cancer (20%), HNSCC 
(12% to 25%), hepatocellular carcinoma (20%), ovarian can-
cer (15%), small-cell lung cancer (15%), triple-negative breast 
cancer (20%), urothelial cancer (25%), mismatch repair de-
ficient CRC (60%), and Hodgkin’s lymphoma (65% to 85%) 
(Helissey et al., 2016). Patients with bladder cancer who man-
ifest a high expression of PD-L1 have demonstrated ORRs as 
high as 40% (Ventola, 2017b). 

Two antibodies targeting CTLA-4 including ipilimumab and 
tremelimumab induced relatively rare regression rates and 
in a few patients with advanced metastastic melanoma, the 
15% rate of objective radiographic response has lasted more 
than 10 years after termination cessation (Eroglu et al., 2015; 
Schadendorf et al., 2015; Xia et al., 2019). 

Currently, the response observed with ICIs is most often a 
partial response (PR), comparable to other targeted agents or 
chemotherapy. However, treatment with ICIs is durable and 
can result in 80% to 90% tumour shrinkage (Grady, 2016). 
Until recently, surgeons have been reluctant to operate on a 
patient diagnosed with advanced metastatic cancer because 
of perceived lack of benefit in extending patient’s life (Grady, 
2016). However, in a few such patients, ICIs have been used 
to eliminate or shrink the tumours to sizes and locations ame-
nable to surgical removal (Grady, 2016). Furthermore, even a 
PR to ICI treatment is durable compared with chemotherapy 
or other targeted therapies (Ventola, 2017b). In some cases 
the prolonged benefit observed with ICI treatment has been 
considered a functional cure (Ventola, 2017b). However, be-
cause CTLA-4 agents stimulating the circulating anticancer T 
cells, the activation of T cells to elicit a significant response 
may require months (Grady, 2016; Ventola, 2017b). In con-
trast, with anti-PD-1/PD-L1 therapies, a more rapid response 
has often been observed because these drugs act on primed 
T cells that are already located in the tumour (Ventola, 2017b). 
Nevertheless, in most types of cancer, only a minority of pa-

Fig. 3. Immue checkpoint inhibitor: Keytruda®. PD-L1 in cancer 
cells binds to its receptor PD-1, which is expressed on the surface 
of T cells, to escape the destruction initiated by T cells (Nam et al., 
2019). Keytruda® (Pembrolizumab) is a therapeutic antibody that 
binds to and blocks PD-1 present on T cells, thereby resulting in 
the killing of cancer cells.

Fig. 2. Chemical structure of Harvoni and Tasigna. Tasigna is a tradename of nilotinib which is a selective Bcr-Abl tyrosine kinase inhibitor. 
Harvoni is a combination of ledipasvir and sofosbuvir.
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tients respond to currently available ICIs. Therefore, the focus 
of investigation ought to involve development of other agents 
that target additional immune checkpoints in these cancers, 
as well as identifying combination therapies that use several 
targeted agents (Ventola, 2017b).

Side effects of immunotherapy
Immunological relevant side effects of ipilimumab treatment 

in clinical settings include toxicity due to disinhibited immune 
response. They include enterocolitis, pneumonitis, hepatitis, 
dermatitis, neuropathy, endocrinopathy, arthritis, nephritis, 
meningitis, pericarditis, and uveitis. Additional, side effects may 
include iritis, anaemia, and neutropenia (Khalil et al., 2016).

The toxicities observed with the currently used anti-CTLA-4 
and anti-PD-1/PD-L1 ICI agents are similar, but show varying 
frequency of occurrence (Helissey et al., 2016). The toxicity of 
anti-CTLA-4 agents has been observed in more than 10% of 
patients, and symptoms include anorexia, abdominal pain, di-
arrhea, fatigue, nausea, pruritus, rash, and vomiting (Helissey 
et al., 2016). The toxicities associated with anti-PD-1/PD-L1 
agents has been observed in more than 10% of patients, and 
include arthralgia, diarrhea, fatigue, nausea, pruritus, and 
rash (Helissey et al., 2016). In addition, the adverse effects 
of anti-PD-1/PD-L1 agents have been considered milder than 
those of anti-CTLA-4 ICIs; with the rate of grade 3 or 4 tox-
icities associated with anti-CTLA-4 agents ranging between 
20% and 30% versus 10% and 15% with anti-PD-1 agents 
(Helissey et al., 2016). Importantly, although severe immune 
related adverse events occur in a small minority of patients 
receiving ICI treatment, they can become life-threatening if 
not detected early and managed appropriately (Helissey et 
al., 2016). The main life-threatening toxicities associated with 
anti-CTLA-4 treatment and PD-1/PD-L1 agents include dysim-
mune colitis and interstitial pneumonitis, respectively (Haanen 
et al., 2018). However, other severe toxicities associated with 
ICI treatment have been reported, including autoimmune ane-
mia, infusion reactions, type-1 diabetes with ketoacidosis, 
Guillain–Barré syndrome, Stevens–Johnson syndrome, and 
thrombocytopenia with bleeding complications (Helissey et 
al., 2016).

Recent studies have reported additional interesting obser-
vations such as pseudoprogression. For example, a few pa-
tients display unconventional responses to treatment such as 
mixed responses or pseudoprogression, which is defined as 
an initial surge in tumour burden, typically detected on imag-
ing, followed by tumour shrinkage (Wolchok et al., 2009). This 
phenomenon is a clinical challenge because differentiation 
discrimination of pseudoprogression from disease progres-
sion is not facilitated by the initial disease assessment. Ad-
ditional imaging assessment is required (usually at 4 weeks) 
to establish or invalidate possible disease progression (Wol-
chok et al., 2009). The detection of pseudoprogression has 
prompted the development of immune- related response crite-
ria such as irRC (Wolchok et al., 2009), irRECIST (Bohnsack 
et al., 2014) and iRECIST (Seymour et al., 2017). Pseudo-
progression was initially described in ~10% of patients diag-
nosed with melanoma receiving anti-CTLA-4 antibodies (Hodi 
et al., 2016) and is usually associated with a survival benefit. 
A report published in 2018 suggests, however, that pseu-
doprogression might be less frequent (~5% of patients with 
NSCLC treated with anti-PD-1/PD-L1 antibodies) (Tazdait et 
al., 2018). Finally, evidence from several studies indicates that 

a subset of patients might present with accelerated disease 
progression upon treatment with anti- PD-1/PD-L1 antibodies, 
often resulting in their disease deterioration (Champiat et al., 
2017; Kato et al., 2017; Saâda-Bouzid et al., 2017; Ferrara 
et al., 2018; Zuazo-Ibarra et al., 2018). This phenomenon is 
referred to as hyperprogressive disease, a phenomenon that 
is currently not fully understood.

Limitation of immunotherapy
The limitations of immunotherapy are listed based on the 

report of Ventola as follows (Fig. 4) (Ventola, 2017c). 
Difficulty in efficacy prediction: Patients with lung cancer 

carrying KRAS mutations do not respond well to EGFR tyro-
sine kinase inhibitors (Massarelli et al., 2007). Similarly, the 
efficacy of immunotherapy has been predicted by the level of 
PD-L1 in tumours given that cancer patients with higher levels 
of PD-L1 expression are more responsive to treatment (Par-
doll, 2015; Sambi et al., 2019).

Clinical benefits of ICIs are only observed in certain spe-
cific cancers, such as lung cancer, and in particular in a small 
number of patients (Chiriva-Internati and Bot, 2015). Clini-
cal trial data have shown that approximately 15% to 25% or 
higher proportion of patients diagnosed with various types of 
cancer respond to cytotoxic T-lymphocyte–associated pro-
tein 4 (CTLA-4) receptor or programmed death-1 (PD-1)/pro-
grammed death ligand-1 (PD-L1) ICIs (Alatrash et al., 2013). 
The reason for the difference in response to ICIs among can-
cer patients is thought to be owing to the existence of different 
kinds of additional immune checkpoints that suppress anti-
cancer immune defenses. Thus, it is necessary to identify the 
additional checkpoints (Grady, 2016). Additional genetic muta-
tions, cancer pathways, and immune checkpoints have been 
under investigation to develop new targeted drug therapies 
(Yang, 2015; Grady, 2016). Although challenging, these efforts 
will likely lead to more promising targeted cancer treatments 
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Fig. 4. Limitations of immunotherapy. Limitations of immuno-
therapy include difficulty in efficacy prediction, high costs of drugs, 
inappropriate clinical model, drug resistance, and lack of an appro-
priate biomarker (Ventola, 2017b).
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(Zugazagoitia et al., 2016). The efficacy of cancer immuno-
therapies has been limited by the longstanding use of con-
ventional chemotherapy as first-line cancer treatment (West, 
2014). Consequently, because cancer immunotherapies have 
yet to be widely used as first-line treatments, they are typically 
administered to patients with compromised immune systems 
due to advanced disease and/or previous therapies. The role 
of cancer immunotherapies in restoring antitumor immune 
function under these conditions has been a challenge. There-
fore, early intervention using personalized cancer immuno-
therapies may lead to higher efficacy rates in a greater per-
centage of patients and elicit a robust antitumor response and 
restore the immune system. HLA class-I is also a predictive 
marker to distinguish responders from non-responders. Pa-
tient’s tumours lacking HLA-class-I molecular diversity have 
been associated with poor survival (Chowell et al., 2018). 

Lack of appropriate biomarkers: Clinical biomarkers can 
have diagnostic, predictive, prognostic, and pharmacoge-
nomic values. Particularly predictive biomarkers are most 
commonly used routine clinical setting. There is still a lack of 
biomarkers for predicting whether a patient can benefit from 
the use of immunotherapeutic agents (Zugazagoitia et al., 
2016). Progress has been observed in the biomarker field. For 
example, human epidermal growth factor receptor 2 (HER2) 
amplification has been found in 20% of patients with gastric 
cancer. Such patients have been found to exhibit a response 
rate of 40% to 50% when treated with the monoclonal anti-
body trastuzumab (Zugazagoitia et al., 2016).

Although PD-L1 is the most studied predictive biomarker, 
nivolumab has a high ORR of 50% among patients with high 
PD-L1 expression and a response rate of 20-30% in patients 
with a low PD-L1 expression in non-small-cell lung cancer 
(Meyers et al., 2018). These findings indicate the presence of 
other types of biomarkers. 

PD-L1 is also an inducible marker with a varying degree of 
expression depending on the cancer (Robert et al., 2015; We-
ber et al., 2015; Gibney et al., 2016; Zugazagoitia et al., 2016; 
Ventola, 2017c). In the presence of conserved biomarkers on 
the surface of cancer cells, immunotherapy may be applicable 
to a wider range of patients (Ventola, 2017c). 

For example, the FDA approved pembrolizumab for pe-
diatric and adult patients with microsatellite instability-high 
(MSI-H) or mismatch repair-deficient solid tumours. This FDA 
approaval is the first in cancer treatment based on a com-
mon biomarker rather than long-term cancer pathology, espe-
cially in the subset of colorectal and noncolorectal carcinomas 
(Chang et al., 2018). 

Recently, the importance of intestinal microbiome as a bio-
marker for ICI has been reported. Patients with altered intes-
tinal microflora in response to antibiotic treatment one to two 
months prior to treatment with the ICI anticancer drug showed 
shorter progression free survival (PFS) and OS (Routy et al., 
2018; Otoshi et al., 2019). In particular, it has been reported 
that Bifidobacterium increases antitumor immunity and pro-
motes anti-PD-L1 efficacy (Sivan et al., 2015).

Resistance to immunotherapy: The effects of pembroli-
zumab therapy on advanced metastatic melanoma have been 
evaluated (Ribas et al., 2016; Ventola, 2017c). The 12 month 
median PFS was 35% and the median OS was 23 months 
(Ribas et al., 2016). At 21 months, cancer recurred and resis-
tance developed (Ribas et al., 2016). These results suggest-
ed that the therapeutic effects of ICIs are unreliable (Milano, 

2017). The heterogeneity of cancer and the emergence of re-
sistant cancer clones during immune therapy are related to 
each other (Ventola, 2017c). Mutations in the JAK1 and JAK2 
genes were observed in two patients, leading to abnormal 
IFN-gamma signaling and a decrease in the genes associated 
with the recognition and destruction of cancer cells by T cells 
(Zaretsky et al., 2016). Mutations of β-2-microglobulin (B2M) 
gene have been identified in other patients, which encode pro-
teins on the surface of immune cells that recognize and kill 
cancer cells (Zaretsky et al., 2016).

In addition, although the proposed mechanism has not been 
fully identified in clinical studies, various resistance mecha-
nisms have been reported by Jiang et al. (2019). For example, 
the activation of AXL by eIF2B and the induction of MITF inhi-
bition induce phenotypes resistant to chemotherapy and toler-
ance to adoptive T-cell and anti-PD-1 immunotherapy (Falletta 
et al., 2017). Treatment with anti-CTLA-4 mAbs stimulates the 
accumulation of TNF-α and T cells in the cells, promoting en-
hancer of zeste homolog 2 (Ezh2) expression, resulting in loss 
of cancer immunity, reduction of antigen expression, and re-
sistance to immunotherapy (Zingg et al., 2017). These results 
suggest that Ezh2 mediates the resistance to immunotherapy 
(Zingg et al., 2017). Cbl-b is one of the E3 ubiqutin ligases. 
The antibody against PD-L1 had no effect in mice lacking cbl-b 
(Fujiwara et al., 2017).

A correlation between activation of Wnt/β-catenin and ab-
sence of T cell gene expression has been reported in meta-
static melanoma (Spranger et al., 2015). Spranger et al. (2015) 
reported that the activation of Wnt/β-catenin by immune exclu-
sion in melanoma resulted in resistance to immunotherapy of 
anti-CTLA-4 and anti-PD-L1 mAbs due to defective recruit-
ment of CD103 + dendritic cells.

A strong correlation between loss of PTEN and pembroli-
zumab resistance has been reported. PTEN loss activates the 
phosphatidylinositol 3-kinase (PI3K)/protein kinase B (AKT) 
pathway (George et al., 2017). In addition, clinical studies of 
anti-PD1 therapy have shown an increase in the expression 
of TIM3, another immune checkpoint (Koyama et al., 2016). 

Inappropriate clinical model: The criteria for evaluation of 
cancer immunotherapies should be distinguished from those 
evaluating response to chemotherapy or other cytotoxic 
agents (Wayteck et al., 2014). Immunotherapies do not direct-
ly attack cancer cells but activate the immune system, result-
ing in delayed anticancer effects and variation in response ki-
netics. In addition, immunotherapy may delay the side effects 
(Anagnostou et al., 2017). In the case of traditional cytotoxic 
chemotherapy, it is important to determine the maximum tol-
erated dose in phase I, whereas immunotherapy, especially 
antibody drugs, the minimal effective dose is more appropri-
ate (Anagnostou et al., 2017). Therefore, the endpoints used 
in clinical trials of cytotoxic chemotherapy are not appropri-
ate, based on the clinical trial results of anti-CTLA-4 ICI. In 
the case of immunotherapy clinical trials, the investigation of 
iplimumab was prolonged and the FDA approved the drug for 
melanoma treatment based on clinical data (Hoos and Brit-
ten, 2012). Other immune-related criteria have been proposed 
such as the expression and function of immune cells including 
cancer-specific cytotoxic T lymphocytes and the evaluation 
of immune memory (Alatrash et al., 2013; Ventola, 2017c). 
Although immune-related response criteria (irRC) have been 
proposed to characterize the standard response to immuno-
therapy in a clinical trial based on the characteristics of immu-
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notherapy, such data need to be validated for various cancers 
(Wolchok et al., 2009). 

High costs of immunotherapy: Immunotherapeutic ap-
proaches and molecular targeted therapies are becoming 
game changers in the field of cancer therapy, albeit at an exor-
bitant price. In particular, pembrolizumab has been estimated 
to cost $145,010 and $130,511 a year for treatment of mela-
noma and non-small cell lung cancer, respectively (Tartari et 
al., 2016). This treatment cost has resulted in a PFS of 6.3 
months in each cancer. Similarly, the costs for the treatment 
of melanoma and non-small cell lung cancer using nivolumab 
were an estimated $64,680 and $44,100, respectively, result-
ing in a PFS of 5.1 months and 3.5 months, respectively (Tar-
tari et al., 2016). Finally, the cost of treatment is likely to be 
manageable with appropriate doses tailored to patients need 
(Vergnenègre and Chouaïd, 2018). Accordingly, nivolumab 
has not been cost-effective in a patient cohort with general 
lung cancer but has been cost-effective in patients with high 
PD-L1 expression whereas pembrolizumab is cost-effective in 
patients diagnosed with previously treated or newly diagnosed 
metastatic non-small cell lung cancer (Verma et al., 2018). 

RECIPE FOR A PERFECT INTERVENTION 

In the tumour microenvironment, various factors besides 
immune cells are involved. Therefore, the activation of im-
mune cells alone is insufficient to inhibit cancer. As mentioned 
earlier, a few cancers respond well to immunotherapy, while 
others do not. Immunotherapy is not indicated for cancers as-
sociated with inflammation.

Genomically targeted therapy improves median survival 
compared with systemic chemotherapy but does not show a 
long-term durable response. Immunotherapy improves me-
dian survival and long-term, durable response that increases 
the tail of the survival curve. Therefore, the combination of 
genomically targeted therapies and immune checkpoint thera-
pies is expected to improve the median survival (Champiat 
et al., 2014; Sharma and Allison, 2015). Accordingly, pharma-
ceutical companies have been conducting a series of clinical 
trials with a combination of ICIs are now conducting a variety 
of combined clinical trials to create a perfect blend or thera-
peutic cocktail that can be used to treat cancer comprehen-
sively (Ledford, 2016).

Problems to solve
The biggest challenge associated with cancer involves tri-

als with multiple therapies that may not always be success-
ful and existing chemotherapies, which are of limited value in 
the treatment of cancer. Although immunotherapeutic agents 
are effective in the early stages of cancer progression, their 
effects are limited in advanced and resistant cancers (Ven-
tola, 2017c). The recent advances of immunotherapy and the 
emergence of curative medicines (e.g., Harvoni and Tasigna) 
represent a challenge in the area of cancer treatment.

Thus, drugs are needed to achieve the goal of remission 
beyond extension of life in cancer patients.

Tumour regression
Tumour regression refers to a phenomenon in which can-

cer does not worsen and is treated naturally or using drugs, 
alternative therapies, and the like. Spontaneous remission 

in cancer is considered a very rare phenomenon; however, 
melanoma, neuroblastoma, and lymphoma may show remis-
sion compared with carcinoma, with a reported frequency of 
1/100,000, which is more than 1/700,000 likelihood of being hit 
by lightning (Hobohm, 2001). The probability of tumour remis-
sion may be overestimated or underestimated, and a carefully 
designed study suggests that 22% of patients with invasive 
breast cancer were expected to experience tumour regres-
sion (Zahl et al., 2008). One of the phenomena associated 
with spontaneous remission is heat emission due to infection, 
which may be related to the immune response or the vulner-
ability of cancer cells (Hobohm, 2005; Sengupta et al., 2010).

Induction of tumour remission: Encouraging clues from 
cancer survivors suggest ideas to overcome cancer: 1) do not 
try to beat cancer; 2) take a good night’s sleep; 3) enhance 
immunity; 4) relax your mind and get rid of stress; 5) breathe 
healthy air; 6) eat natural foods. We can interpret cancer survi-
vors’ experience from a cancer biology perspective. ‘Do not try 
to beat cancer’ is interpreted as ‘Avoid harmful cancer treat-
ments’. ‘Take a good night’s sleep’ has been interpreted as 
‘care for the maintenance of the circadian rhythm’. ‘Enhance 
immunity’ can be interpreted as ‘immune activation’ which 
has been already achieved by immune checkpoint blockers. 
‘Relax your mind and get rid of stress’ can be interpreted as 
‘block activation of sympathetic nerves’. ‘Breath healthy air’ 
is interpreted as ‘supply of oxygen or avoidance of hypoxic 
conditions’. ‘Eat natural foods’ has been translated as ‘reduce 
intake of food containing harmful synthetic additives and man-
age gut microbes’. The challenge is to turn these clues into 
anticancer therapy.

The activation of immunity has become feasible by using 
agent such as ICIs (Turner, 2014). However, the ICIs have 
therapeutic effects on a limited number of cancer patients, in-
dicating the need for new tools to induce disease remission. 

We developed a hypothesis of NIH based on patients tes-
timonies who have successfully overcome cancer targeting 
the three important targets. Inflammation and hypoxia have 
already been recognized as targets of cancer therapy and are 
important factors in tumour microenvironments. In addition, 
recent reports suggests that neurological factors play a ma-
jor factor in tumour microenvironment (Mancino et al., 2011; 
Cole et al., 2015). However, studies have yet to develop a 
therapeutic agent targeting neurological factors, inflammation, 
and hypoxia to induce remission of cancer in an integrated 
manner.

Neurological aspects: The importance of neuronal effects 
on cancer progression and microenvironment has been em-
phasized. For example, activation of sympathetic nerves due 
to stress and the reduced density of tumour innervation result-
ed in higher recurrence-free survival (Cole et al., 2015; Makale 
et al., 2017). The increased chemotherapeutic response by 
β-blockers is mediated via anticancer and anti-angiogenic ac-
tivities (Pasquier et al., 2013). 

Melatonin (N-acetyl-5-methoxy-tryptamine), known as a 
biological clock regulator, has been implicated in the induction 
of apoptosis, cell cycle arrest, proliferation inhibition, and im-
mune regulation (Vijayalaxmi et al., 2002). Defects in biologi-
cal clock and activation of the sympathetic nerve are induced 
by various interactions between neurological factors and tu-
mour microenvironment resulting in the progression of cancer 
(Tabebi et al., 2018; Verlande and Masri, 2019). 

Studies investigating the regulation of tumour microenvi-

Biomol  Ther 28(2), 119-130 (2020) 



www.biomolther.org

Lee et al.   Tumour Regression via Regulation of Tumour Microenvironment

125

ronment have not considered the effect of nervous system 
on cancer cells and tumour microenvironment. Therefore, it is 
important to determine the role of neuronal interactions in bio-
logical clocks and tumour microenvironment, and retrain the 
tumour microenvironment to facilitate antitumour environment. 
In addition, several components of the nervous system may 
not target the correct molecule in different cancers.

Signaling substances released from neurons mediate can-
cer malignancy via various pathways that increase neovascu-
larization, metabolic activity, immunosuppression, cancer cell 
proliferation and metastasis of cancer cells.

Inflammation: Inflammation plays an important role in can-
cer. Chronic, out-of-control, and persistent unresolved inflam-
mation is associated with increased risk of cancer (Crusz and 
Balkwill, 2015). Infection and activation of oncogenes trigger 
inflammation and activate inflammatory transcription factors in 
cancer cells. Cancer cells secrete inflammatory cytokines and 
enzymes to recruit inflammatory cells, which lead to cancer-
induced inflammation, survival and proliferation, inhibition of 
the immune response, angiogenesis, tissue infiltration and 
metastasis. In addition, inflammation induces DNA damage, 
thereby increasing the risk of mutations in cancer cells (Kiraly 
et al., 2015).

Recent studies have suggested that inflammation is termi-
nated by substances that actively mediate the termination in 
contrast to inflammation that is terminated when the inflamma-
tory triggers disappear (Lee, 2012, 2018).

The substances causing the resolution of inflammation 
include lipoxins, resolvins, protectins and maresins, an-
nexinA1 and related peptides, gaseous substances such as 
carbon monoxide and hydrogen sulphide, adenosine, and 
neurotransmitters that regulate vagus nerve (Headland and 
Norling, 2015). Proresolving compounds induce: 1) neutrophil 
ceases penetration into the tissue, 2) counter regulation of 
chemokines and cytokines, 3) efferocytosis by macrophages, 
4) conversion of macrophages from activated M1 to M2, 5) re-
turn of non-apoptotic cells to blood vessels and lymph nodes, 
6) induction of the healing process and so on, resulting in 
homeostasis of the tissue (Serhan and Savill, 2005). Failure 
of various types of inflammation resolution results in many 
diseases including atherosclerosis, chronic obstructive pul-
monary disease, obesity, cancer, multiple sclerosis, asthma, 
inflammatory bowel disease, and rheumatoid arthritis (Nathan 
and Ding, 2010).

The major issue related to resolution of inflammation in 
cancer is whether compounds such as resolvin and lipoxin 
promote or retard cancer progression. Treatment of macro-
phages with resolvin results in M2-type macrophages, which 
are similar to tumour-associated macrophages that constitute 
the tumour microenvironment. Therefore, it is a major issue 
whether resolution of inflammation is induced in order to over-
come the unresolving cancer or convert to M2 TAMs in tumour 
microenvironment from M1.

Therefore, it is necessary to distinguish between pro-re-
solving and resoleotoxic cases of anti-inflammatory drugs and 
natural products, and investigating their effects on cancer and 
tumour microenvironment. An ideal inflammatory regulator is 
needed to suppress cancer and tumour microenvironment.

The expression of abnormal tissues such as cancer in-
duces immune response, and the entire process such as re-
cruitment, polarization/differentiation, and activation of macro-
phages plays an important role in the growth and metastasis 

of cancer. Macrophages present in cancer tissues produce 
signaling substances necessary for growth and survival of 
cancer, and creating barriers to the treatment of cancer (Os-
tuni et al., 2015).

Hypoxia: Cancer cells and various immune cells thrive in 
hypoxic- and nutrient-deficient and acidic microenvironment. 
Hypoxia-inducible factor-1α (HIF-1α) is a typical transcrip-
tion factor that senses low O2 condition and induces cellu-
lar programs adaptive to hypoxic condition (Ryu et al., 2018). 
HIF-1α is stabilized in hypoxic tumour microenvironment, and 
cancer becomes aggressive by expressing gene involved in 
neovascularization, metastasis, growth and metabolism of 
cancer cells (Semenza, 2003). Hypoxia mediates the regula-
tion of natural killer (NK) and natural killer T cells (NKT) and 
protects cancer cells from T lymphocyte mediated-cytotoxicity. 
In addition, inhibition of immune activity of tumour-associates 
macrophages (TAM) causes immune tolerance of cancer cells 
(Chouaib et al., 2017). HIF-1α induces adenosine-dependent 
immunosuppression by increasing the extracellular adenosine 
level via activation of CD39 and CD73 (Ohta, 2016). Hypoxia 
is a major factor in characterizing the tumour microenviron-
ment. Hypoxia promotes growth and angiogenesis of primary 
cancer. It also promotes metastasis to organs such as lymph 
node, bone, and lung. It also increases the heterogeneity of 
cancer cells (Terry et al., 2017). Hypoxia also induces the ter-
mination of inflammation and immunosuppression. 

HIF-1α, which is overexpressed in hypoxic conditions, af-
fects not only cancer but also inflammation and neurological 
aggravation via regulation of cancer cells, immune cells and 
nerve cells. Therefore, the HIF-1α inhibitor can be used to 
treat cancer, inflammation and neurological diseases by regu-
lating the expression of genes in cancer cells, immune cells 
and neurons, thereby reconstructing the tumour microenviron-
ment. HIF-1α inhibitor selectively inhibits HIF-1α accumula-
tion in cancer tissues and inhibits the expression of target 
genes, leading to inhibition of growth, neovascularization, and 
cancer metastasis, and induction of apoptosis, resulting in an-
titumor efficacy.

HIF-1α inhibitors alter the hypoxic microenvironment of tu-
mours and regulate the activity of immune cells (Noman et al., 
2015; Bhattarai et al., 2018). The limitations of immunotherapy 
can be overcome by, using a combination of drugs to control 
the immune evasion mechanisms of cancer cells by HIF-1α. 
HIF-1α inhibitors show a synergistic efficacy in overcoming re-
sistance chemotherapy and radiotherapy, and are associated 
with multiple control mechanisms within the cell, which can 
lead to multi-targeting effects.

Nano-formulation to induce cancer remission: In case of 
anticancer drugs and antiviral drugs that show remission, the 
effects of single gene (bcr-abl) can be overcome by address-
ing the root cause. In addition, the management of cancers 
that are amenable to curative interventions using anticancer 
drugs, can be enhanced using nanotechnologies to maximize 
the exposure of cancerous tissues to therapeutic agents for 
remission of solid tumours. 

Since the discovery that polymer formulations and nano-
drugs accumulate in solid tumours, formulation studies based 
on enhanced permeability and retention (EPR) effects have 
become more active. FDA approved the first nano-formulations 
of anticancer drugs Doxil (doxorubicin liposome formulation), 
DaunoXome (daunorubicin), and Abraxane (albumin-bound 
paclitaxel). Among several published studies, only a few have 
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been FDA approved. This suggests that nano-formulation de-
velopment was not successful. Nano-formulation studies aim 
to exploit the effects of EPR in cancer, but many studies on 
nano-formulation have shown unsatisfactory results when 
implemented in clinical trials. The reason for this failure is that 
there are many differences in the EPR environment between 
individuals or within individuals (Danhier, 2016; Wilhelm et al., 
2016; Maeda and Khatami, 2018). Therefore, the method of 
enhancing the effect of nano-formulation through patient se-
lection has been proposed as a coping plan for the future (Nat-
fji et al., 2017). In recent years, nano-formulation has been 
proposed to increase cancer immunity by relaying tumour in-
filtration and activation of immune cells (Shen et al., 2017).

When nano-drug is administered systemically, it is ad-
sorbed to plasma protein systemically. Barriers to drug deliv-
ery include accumulation in off-target regions, abnormal blood 
vessels, dense extracellular matrix, stromal cells, dense can-
cer cells, difference in oxygen partial pressure, and interstitial 
fluid pressure. Development of nano-formulations that over-
come these constraints is required.

Tumour regression strategy
We are told not to be stressed or to increase immunity, but 

from the people who overcome cancer, the so-called healers. 
Immune checkpoint inhibitors made us realize that these sto-
ries from healers are important factors that we should consider 
in treating cancer. Hence, we derive the factors necessary to 
induce tumour regression based on the stories of healer and 
from spontaneous tumour regression. In particular, we believe 
that immunotherapy needs to be combined with other cancer 
agents in order to cure cancer (Sharma and Allison, 2015). Of 
course, no clinical results have to date revealed whether such 
a combinational immunotherapy is effective.

NIH is a new target to induce tumour remission, and sub-
stances that target NIH can be used to treat cancer either 
alone or as a combination therapy, or alleviate the side effects 
of immunotherapy. The combination of ICIs and antitumor 
compounds targeting NIH can enhance the efficacy of treat-

ment and alleviate the potential side effects (Fig. 5). 
We plan to induce tumour regression by combination of im-

mune checkpoint inhibitor with hypoxia blocker, pro-resolving 
compounds, and β-blockers because our data as well as data 
from other study shows that each class of compounds also 
possess anticancer activities. In addition, drug resistance is 
a barrier that causes difficulties in the treatment of cancer pa-
tients (Xia and Lee, 2010). Hypoxia can induce the expres-
sion of various drug resistance genes. Therefore, anti-hypoxia 
compounds can suppress drug resistance of cancer cells 
(Warfel and El-Deiry, 2014). Epithelial-mesenchymal transition 
is also closely associated with anticancer drug resistance. It is 
possible to overcome anticancer drug resistance by inhibiting 
EMT using resolvin, a pro-resolving lipids (Lee et al., 2013). 
Therefore, we aim to regulate drug resistance by suppressing 
hypoxia and pro-resolving lipids such as resolvins. 

We also use nano-formulation that penetrate solid tumour 
and microenvironment. We expect that such a combination 
might alleviate the side effects of ICI and suppress tumour 
progression via stimulation from neuronal, inflammatory, and 
hypoxic tumour microenvironments. Whether the NIH control-
ling agent can restore immune response in combination with 
or without the ICI needs to be determined. The findings can be 
shed to determine the anticancer effects of immune activation 
of NIH controlling agent.

It is also necessary to determine whether the NIH control 
agent affects the prognosis of autoimmune disease and to test 
the possibility that the NIH control substance can control the 
autoimmune-related side effects caused by ICIs. The results 
can be used to determine the possibility of combining NIH 
regulatory substances with ICIs. In addition, it is important to 
evaluate whether the effects of NIH control substances vary 
between cancer that responds to ICI (hot cancer) and those 
that do not (cold cancer).

Therefore, a dual-disease mouse model capable of simul-
taneously inducing cancer and autoimmune diseases such as 
vitiligo and multiple sclerosis is needed. Using specific com-
pounds and peptides, transgenic mice can be induced to de-
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Fig. 5. Integrated view of tumour microenvironment including NIH. Integrative view of tumour microenvironment add ‘neuro’ to existing tu-
mour microenvironment including immune, inflammation, and hypoxia. Sometimes, ‘inflammation’ includes ‘immuno’ but in here, ‘immuno’ is 
separated to emphasize ‘immuno’.
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velop cancers of lung, breast, and pancreas. It is interesting to 
investigate whether induction of tumour remission is possible 
with only three NIH and ICI combinations or whether regula-
tion of new agent contributing tumour remission (for example 
T cell or macrophage metabolism) (Hope and Salmond, 2019; 
Vitale et al., 2019) is necessary. 

CONCLUSION

The presumption that cancer is a disease that leads to 
death and cannot be cured has been a major obstacle to the 
treatment of cancer. However, our indomitable attempts to 
treat cancer eventually led to a glimmer of hope in targeted 
therapies such as Gleevec. A renewed attempt to treat the 
immune system could set goals for tumour regression. Sub-
sequent studies using explosive combination therapies with 
immunosuppressive agents have attempted to induce tumour 
regression. We may be able to find an answer to tumour re-
gression challenge among the clinically untested therapies 
that target cancer. 

Especially, neuronal and hypoxic tumour environments are 
considered as promising areas to overcome the challenges 
associated with immune suppression. Fortunately, medicines 
that control the neuronal tumour microenvironment may al-
ready exist, although their effectiveness in cancer patients 
remains to be proven. Therefore, a new combination therapy 
that regulates NIH targets may be a new strategy to overcome 
tumour regression. However, appropriate drug combination 
strategies that can overcome the entry barriers and access 
the tumour microenvironment successfully, are also needed.
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