/
o Reenres
0.00 Publishing

Journal of Biosciences and Medicines, 2020, 8, 45-57
https://www.scirp.org/journal/jbm

ISSN Online: 2327-509X

ISSN Print: 2327-5081

Advancement on Clinical Application of mTOR
Inhibitors in Gastrointestinal Cancers

Yingqi Feng®, Yongshou Chen*, Yixin Ren*, Shuang Cao# Heng Zhang#

Key Laboratory for Green Chemical Process of Ministry of Education, School of Chemical Engineering and Pharmacy, Wuhan

Institute of Technology, Wuhan, China

Email: ‘zhzpthm@163.com, ‘caoshuangknight@163.com

How to cite this paper: Feng, Y.Q., Chen,
Y.S., Ren, Y.X,, Cao, S. and Zhang, H. (2020)
Advancement on Clinical Application of
mTOR Inhibitors in Gastrointestinal Cancers.
Journal of Biosciences and Medicines, 8,
45-57.
https://doi.org/10.4236/jbm.2020.84004

Received: March 2, 2020
Accepted: April 7, 2020
Published: April 10, 2020

Copyright © 2020 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

Abstract

Gastrointestinal cancers, including esophageal cancer, gastric cancer, liver
cancer, pancreatic cancer, colorectal cancer, are serious threats to people's
health, and traditional therapeutic drugs have limited effect on them. Signal-
ing pathway related to mammalian target of rapamycin (mTOR) plays a very
important role either in the germination or development of multiple ga-
strointestinal cancers. Inhibiting mTOR can effectively impede the develop-
ment of tumor and improve the sensitivity of tumor to radiotherapy or che-
motherapy. The research on the application of mTOR inhibitors in gastroin-
testinal cancers increases with years. A lot of operational schemes indepen-
dent or combined with others are being explored, some of which are worthy
of attention. This paper summarizes the data of all published clinical trials
and reviews the clinical application of mTOR inhibitors in the treatment of
gastrointestinal cancers in recent years.
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1. Introduction

Gastrointestinal cancers, including esophageal carcinoma, gastric carcinoma,
hepatocellular carcinoma, pancreatic cancer and colorectal cancer, are the main
type of cancer. In 2019, there will be 290,000 cases of gastrointestinal cancers
occurred in the USA, and more than 170,000 people will be killed by these dis-
eases [1]. Among them, colorectal cancer has the highest incidence rate, and liv-

er cancer has the highest mortality rate. Although many patients have received
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corresponding treatment in the early stage, most of them are still irreversibly
deteriorating. Nowadays, the first choice to deal with advanced or recurrent ga-
strointestinal cancers is surgery or platinum drugs, and the molecularly targeted
drugs can be used for patients with platinum resistance [2]. Since more than ten
years ago, anti-angiogenic therapy with molecular targeted drugs has been intro-
duced into the treatment of advanced gastrointestinal cancers, among which the
phosphatidylinositol 3-kinase (PI3K)/mTOR inhibitors, epidermal growth factor
receptor (EGFR) inhibitors, fibroblast growth factor receptor (FGFR) inhibitors
and c-Met inhibitors are the representative drugs [3]. mTOR inhibitors are poten-
tial targeted antitumor agents with high activity and low toxicity, and their appli-
cations in the treatment of gastrointestinal cancer are of particular concern [4] [5].
This paper summarized the clinical application of mTOR inhibitors in gastrointes-

tinal cancer, and provided reference for the related researchers.

2. mTOR and mTOR Inhibitors

mTOR is the mammalian target of rapamycin composed of 2549 amino acids
with a molecular weight of 289 kDa, belonging to serine/threonine protein ki-
nase. It widely exists in various mammalian cells and participates in many cell
processes, such as cell growth, proliferation, protein synthesis, transcription and
metabolism [6]. From the C-terminal to the N-terminal, mTOR is successively
distributed with focal adhesion targeting domain of C-terminal, negative regu-
latory domain, kinase domain, FKBP12 rapamycin binding and focal adhesion
targeting domain, and it belongs to phosphoinositide 3-kinase-related protein
kinases (PIKKs) [7]. mTOR can form two different complexes, mMTORC1 and
mTORC2 by combining with different proteins. The upstream activators and
downstream effectors of mTORCI and mTORC2 are different [8], and they
coordinate each other to regulate the cell cycle process [6].

In the PI3K/Akt/mTOR signaling pathway (Figure 1), the transformation
from phosphorylinositol (4, 5) bisphosphonate (PIP2) into phosphorylinositol
(3, 4, 5) trisphosphonate (PIP3) will be promoted after activating phosphoryli-
nositol-3 kinase (PI3K), and then the phosphorylinoside-dependent kinase-1
(PDK-1) is activated. PDK-1 and PDK-2 work together to phosphorylate threo-
nine at 308 site as well as serine at 473 site of protein kinase B (Akt), thus acti-
vating Akt and regulating mTORCI. The abnormal signal of this pathway can
directly lead to cell proliferation or even cancer. For example, PTEN can inhibit
the transformation from PIP2 to PIP3, thus regulating the activation of Akt.
Therefore, when PTEN function is lost, Akt and mTOR in downstream will be
activated abnormally. A number of studies have shown that mutations in PTEN
or PI3K are directly related to endometrial cancer, cervical cancer or ovarian
cancer [9].

The phosphorylation of eukaryotic translation initiation factor 4E-binding
protein 1 (4EBP1) in tumor cells can be inhibited by mTOR inhibitors, thus the
expression of growth protein is reduced and tumor cells will be stopped in G1
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Figure 1. mTOR signaling pathways and action principle of mTOR inhi-
bitors. PTEN: phosphatase and tensin homolog deleted on chromosome
ten; AMPK: Adenosine 5 -monophosphate (AMP)-activated protein ki-
nase; MAPK: Mitogen-activated protein kinase; 4EBP1: Products the eu-
karyotic initiation factor 4E binding protein 1; S6K1: S6 kinase 1; EIF4E:
Eukaryotic initiation factor 4E; RPS6K: Recombinant Ribosomal Protein
S6 Kinase Beta 1.

phase, or even finally die off. In addition, it has been found in recent years that
mTOR inhibitors can also enhance the sensitivity of tumor cells to radiotherapy
[10] [11] or chemotherapy [12]. These mechanisms make mTOR inhibitors be-
coming antitumor targeted drugs with highly effective and low toxic.

The reported mTOR inhibitors can be divided into two categories, the one is
rapamycin derivatives acting on FRB domain, and the other one is ATP compet-
itive mTOR inhibitors acting on protein kinase domain. Rapamycin (sirolimus),
everolimus, ridaforolimus, temsirolimus (CCI-779) [13] belong to rapamycin
derivatives, which have been approved for marketing. Rapamycin is the first
mTOR inhibitor and the first one used in clinic. It can inhibit the growth of
breast cancer, ovarian cancer, prostate cancer, renal cancer, cervical cancer and
other tumor cells in a concentration dependent manner. Rapamycin opens a new
way for cancer treatment, but the poor water solubility and low bioavailability
(<15%) limit its application. In order to overcome the shortcomings of rapamy-
cin in physical and chemical properties, its derivatives, everolimus, ridaforoli-

mus, CCI-779, were developed one after another. ATP competitive mTOR inhi-
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bitors are a new class of compounds developed in recent years, which act on the
ATP binding cavity of mTOR and have excellent activity. However, due to toxic-
ity and the shortcomings of pharmacokinetics, all of them are sluggish in stage
of clinical research. For instance, there are 20 clinical trials about mTOR inhibi-
tor BEZ235 registered in www.clinicaltrials.gov, but all of them are terminated in
phase I/II. The representative compounds of ATP competitive mTOR inhibitors
are BEZ-235 [14], Wye-125132 [15], Torin2 [16], PF-04691502 [17], etc.

3. The Application of mTOR Inhibitors in Treating
Gastrointestinal Cancers

mTOR inhibitors have been used in treating gastrointestinal cancers for about 10
years, the therapeutic schemes and clinical results are different according to dif-
ferent cancers. In this paper, the clinical trials database collected by the National
Medical Library of the USA was investigated and five main types of gastrointes-
tinal cancers were searched respectively. The published clinical trial data and

results were summarized below.

3.1. Esophagus Carcinoma

The incidence rate of esophagus carcinoma ranks eighteenth in all cancers, and
the five year survival rate is about 19.9%. In 2019, there will be 17,650 new cases
of esophagus carcinoma in the USA, accounting for 1.0% of new cancer cases,
and 16,080 patients will be killed by this cancer accounting for 2.6% of all cancer
deaths [1]. The PI3K/mTOR pathway is altered in many cancers, and several in-
hibitors of this pathway are already approved for a variety of malignancies,
however there are few reports on the application of mTOR inhibitors in the
treatment of esophageal cancer [18].

In 2009, Translational Oncology Research International in Unite State
launched phase II clinical study numbered NCT00985192 [18] to evaluate the ef-
ficacy and safety of everolimus in previously treated patients with metastatic
adenocarcinoma of the esophagus. The median age of the 45 volunteers re-
cruited for the trial was 64 years old. Patients with advanced esophagus carci-
noma who progressed after 1 - 2 prior regions received oral everolimus 10 mg
daily. The most common grade 3 - 4 adverse events in the trial were fatigue
(24%) and thrombocytopenia (22%). The results showed that one patient had a
partial response and 39% patients had stable disease. Median overall survival
(OS) was 3.4 months, and Progression Free Survival (PFS) was 1.8 months. The
results of this study did not show the significant effect of everolimus in the
treatment of esophagus carcinoma. However, a strong correlation between the

severity of esophageal cancer and the diagnostic factor PS6 has been found.

3.2. Gastric Carcinoma

The incidence rate of gastric carcinoma (GC) ranks fifteenth among all cancers,

and the five year survival rate is 31.5%. In 2019, there will be 27,510 new cases of
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GC in the USA, accounting for 1.6% of new cancer cases, and 11140 patients will
die accounting for 1.8% of all cancer deaths [1]. Surgical operation may be effec-
tive in early treatment of GC, but inoperable for about two-thirds patients. New
targeted therapies for GC have emerged based on many cancer-related molecular
pathways. In human GC, PI3K/Akt and mTOR are known to be activated in ap-
proximately 30% and 60% of patients, respectively. Therefore, in the era of mo-
lecular-targeted agents, inhibition of the mTOR pathway represents a novel the-
rapeutic strategy in the treatment of GC [19].

In 2007, Novartis Pharmaceuticals launched a single arm, multi-center phase
IT study (NCT00519324) [20] of everolimus in patients with advanced GC. This
study was to evaluate the efficacy and safety of everolimus in the treatment of
advanced GC. A total of 54 patients with median age of 63 years old were
enrolled in the trial, and given 10 mg/day of everolimus orally. The results
showed that the tumor volume of 45% patients was smaller than baseline. The
disease control rate (DCR) was 56.0%, and the median progression-free survival
(PES) was 2.7 months. In the follow-up time of median (9.6 months), the me-
dian OS was 10.1 months. Common grade 3 or 4 adverse events included ane-
mia, hyponatremia, increased j-glutamyltransferase, and lymphopenia. Grade 1
or 2 pneumonitis was reported in eight patients (15.1%).

In 2008, National Taiwan University Hospital launched a phase II study
(NCT00632268) [21]. This study used low-dose everolimus plus cisplatin and
HDFL (High-dose 5-Fluorouracil and Leucovorin) chemotherapy for first-line
treatment of unresectable, recurrent or metastatic GC. The trial enrolled 40 pa-
tients including 19 men and 21 women with the median age of 54.1. These eligi-
ble chemotherapy-naive patients with advanced GC received low dose of evero-
limus (10 mg/day) plus cisplatin and high dose of DHFL (cisplatin 35 mg/m’
intravenous infection for 24 hours on days 1 and 8, 5-fluororouracil 2000 mg/m*
and leucovorin 300 mg/m” intravenous infection for 24 hours on days 1, 8 and
15) 24 hours a week in 28 days. The primary end point was objective response
rate (ORR). The results showed that the ORR was 52.5% (21 confirmed partial
response). Median PFS and total survival were 6.9 and 10.5 months, respectively.
Most of the adverse events were mild. The results showed that adding low-dose
everolimus to cisplatin-HDFL chemotherapy could not increase ORR as
planned, but prolong the PFS of patients with advanced GC.

In 2008, Asan Medical Center launched a phase II study numbered NCT00729482
[22] to evaluate the activity and safety of everolimus and identify potential bio-
markers in patients with advanced GC, who failed both fluoropyrimidine and
platinum. A total of 54 patients were enrolled in the trial, taking everolimus 10
mg/day orally. The results of the trial showed that 2 patients (3.7%) are partially
alleviated, and DCR was 38.9%. Median PFS was 1.7 months and median OS was
8.3 months. The main toxicity was grade 1 or 2 athenia (96.3%), and the most
common grade 3 or 4 non-hematologic toxicity was hyperglycemia (20.4%).

Three patients gained grade 3 or 4 pneumonia. Notably, there were two treat-
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ment-related deaths. The test shows that everolimus is active against a limited
number of patients with advanced GC. At the same time, the test also proved
that pS6ser240/4 might be a potential predictive biological index in patients with
AGC.

In 2009, Samsung Medical Center launched a phase I/II trial of everoli-
mus/capecitabine in refractory GC (NCT01099527) [23]. This study was to as-
sess the efficacy and safety of combination regimen of capecitabine plus evero-
limus in patients with refractory gastric cancer who have failed to at least two
cytotoxic regimens. The 47 eligible patients recruited in the trial were treated
with capecitabine 650 mg/m” twice daily and everolimus 5 mg twice daily every 3
weeks until disease progression or unacceptable toxicity. The primary endpoint
of the study was overall response (partial or complete response) and the second-
ary endpoints were PFS (time between registration and disease progression or
death) and OS. The results showed that in 43 cases of evaluable response, partial
response occurred in 5 patients, 18 patients had stable disease, ORR was 10.6%,
and disease control rate was 48.9%. Median PFS and total survival were 11 weeks
and 21 weeks, respectively. The grade 3 side effects, such as nausea, diarrhea and
stomatitis, occurred in 2 cases, 3 cases and 3 cases respectively. Elevated liver
enzymes arose in 21 patients, no pulmonary fibrosis appeared. This study
showed that treatment with capecitabine 650 mg/m’ twice a day and everolimus
5 mg twice a day were effective for a few patients with more seriously GC who
had been treated in the early stage.

Owning to the good effect of oral everolimus in the phase II study before the
treatment of advanced GC, Novartis pharmaceuticals launched a randomized,
double blind, multi-center phase III study in 2009 (NCT00879333) [24]. This
study was to assess the efficacy and safety of patients with AGC after progression
on 1 or 2 prior systemic chemotherapy using everolimus. The trial enrolled 656
patients, wherein the median age is 62.0, and of whom 73.6% is men. Median OS
of everolimus and placebo groups was 5.4 months and 4.3 months, respectively.
Median PFS was 1.7 months with everolimus and 1.4 months with placebo.
Common grade 3 or 4 adverse events include anemia, loss of appetite, and fati-
gue, and there is no significant difference in the security of various groups.
Compared with the best supportive care (BSC), everolimus did not significantly
improve the OS of patients with AGC. The safety of everolimus in the treatment
of GC is consistent with that in other cancers.

In the clinical trials of mTOR inhibitors, GC has the most records, which

shows the researchers’ attention in this field.

3.3. Hepatocellular Carcinoma

The incidence rate of hepatocellular carcinoma (HCC) is thirteenth among all
cancers, with a five year survival rate of 18.4%. In 2019, 42,030 new cases of
HCC will arise in the USA, accounting for 2.4% of new cancer cases, and 31,780

patients will be killed by this cancer, accounting for 5.2% of all cancer deaths [1].
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Because the occurrence of liver cancer is relatively unconspicuous, it is often in
late stage when diagnosed, and only about 30% patients can be treated by sur-
gery [25]. Studies have shown that the mTOR/AKT pathway is frequently
up-regulated in 40% - 50% of hepatocellular carcinomas. Inhibition of AKT and
mTOR signals not only inhibits the production of VEGF, but also regulates the
expression of other angiogenic factors (such as nitric oxide and angiogenin),
thereby effectively delaying the progression of HCC [26]. In terms of HCC cells,
mTOR can also enhance the resistance of HCC to chemotherapy by transform-
ing ordinary HCC cells into tumor stem cells. Overactivated mTOR can change
the biological behavior and characteristics of HCC cells, so that some HCC cells
have characteristics similar to those of stem cells and form cancer stem cells
(CSC) [27]. After transformation into tumor stem cells, the HCC cells obtained
more significant invasion and migration capacity, and showed stronger tolerance
to anti-tumor drugs such as sorafenib [28].

In 2009, University of Regensburg launched an open label, randomized, and
multi-center phase III study (NCT00355862) [29] in order to compare siroli-
mus-containing versus sirolimus-free immunosuppression in patients under-
going liver transplantation for HCC. A total of 525 patients were recruited and
divided into two groups: group A (264 patients) did not receive sirolimus, group
B (261 patients) received sirolimus. The primary end point was relapse free sur-
vival (RFs), and OS was the secondary end point. The results showed that the
RFs rate of group A was 64.5%, and that of group B was 70.2%, which had no
statistical difference. Group B showed a better RFs rate in three years after trans-
plantation, and a better OS in five years. Interestingly, low-risk patients benefit
the most from sirolimus rather than high-risk patients. The number of serious
adverse events occurred in group A (860 cases) and group B (874 cases) was
same. The results showed that the RFs of liver cancer patients treated with siro-
limus had no significant improvement after 5 years. However, the benefits in
RFs and OS were evident in the first five years, especially in low-risk patients.
This trial provides the first high-level evidence for selecting immunosuppression
in liver transplantation recipients with HCC.

It has been proved that mTOR inhibitors used directly in the treatment of
HCC cannot work well, and may be more suitable as chemosensitizers and radi-
osensitizers [10] [30] for the treatment of HCC.

3.4. Pancreatic Carcinoma

The incidence rate of pancreatic carcinoma is eleventh in all cancers, with a five
year survival rate of 9.3%. In 2019, it is estimated that 56,770 new cases of pan-
creatic cancer will be added in the USA, accounting for 3.2% of the new cancer
cases, and 45,750 patients will be killed by this cancer, accounting for 7.5% of the
total cancer deaths [1]. Pancreatic carcinoma responds poorly to most chemo-
therapeutic drugs. As targeted therapies produce mild adverse reactions due to
their specificity and targeted inhibition, they have become the preferred treat-

ments for cancers in recent years [31].
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In 2009, Novartis pharmaceuticals launched a randomized, double-blind,
multi-center clinical phase II study (NCT01658436) to evaluate the efficacy and
safety of everolimu in the treatment of advanced pancreatic neuroendocrine tu-
mors (PNET). A total of 256 patients were enrolled in the clinical trial, 130 of
whom were assigned to the everolimus group and 126 to the placebo group, with
a median follow-up period of 43 months. The median PFS was 11 months in the
everolimus group and 4.6 months in the placebo group. The most common side
effects in the everolimus group were stomatitis, rash, diarrhea, tiredness, edema,
abdominal pain, nausea, fever and headache. In view of the efficacy and unique
mechanism, FDA approved Novartis pharmaceuticals’ new drug Afinitor (evero-
limus) in May 2011 for treatment of PNET which cannot be surgically removed.
The drug is the only one approved for PNET in the USA for nearly 30 years.

ATP competitive mTOR inhibitors have novel structures and inhibiting me-
chanisms, the representative one is BEZ235. In 2012, Novartis pharmaceuticals
launched a multi-center, two stages, phase II study (NCT02315625) [32] to eva-
luate the efficacy of oral BEZ235 to patients with PNET. In the first group, 11
patients were given 400 mg BEZ235 twice a day. Due to tolerance problems,
another 20 patients received 300 mg BEZ235 twice daily in the second group.
The trial ended in June 2014, wherein 8 cases (72.7%) in first group and 8 cases
(40.0%) in second group of grade 3 or 4 adverse events were reported, including
hyperglycemia, diarrhea, nausea and vomiting. The trial showed that PNET pa-
tients with everolimus resistant had poor tolerance to BEZ235 at doses of 400 or
300 mg. Although evidence for disease stability was observed in the trial, the

study did not enter the second phase due to poor patient tolerance.

3.5. Colorectal Cancer

The incidence rate of colorectal cancer is the fourth in all cancers, with a five
year survival rate of 64.4%. In 2019, it is estimated that 145,600 new cases of co-
lorectal cancer will arise in the USA, accounting for 8.3% of new cancer cases,
and 51,020 people will be killed by this cancer, accounting for 8.4% of all cancer
deaths [1]. Because of the limited effect of mTOR inhibitors on colorectal can-
cer, all reported trials used them in combination with other drugs [33].

Up to now, the FDA has approved three kinds of anti-VEGF treatment me-
thods for colorectal cancer: bevacizumab, ziv-aflibercept and regorafenib.
Among them, bevacizumab is the most widely studied, and has shown signifi-
cant efficacy in the treatment of colorectal cancer. mTOR can theoretically en-
hance the antitumor effect of anti-VEGF drugs. In vitro experiment, the combi-
nation of anti-VEGF and mTOR inhibitors showed better effects than using
them independently. So, Novartis pharmaceuticals conducted a phase II study to
test the efficacy of bevacizumab combined with everolimus in patients with re-
fractory colorectal cancer.

In 2007, Novartis Pharmaceuticals and Genentech, Inc. launched a phase II
study (NCT00597506) [34], and evaluate the efficacy of the combination of be-
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vacizumab and everolimus to refractory metastatic colorectal cancer (MCRC). A
total of 50 patients were recruited for the trial and given bevacizumab (10
mg/kg) combined with everolimus (10 mg/day), then the biomarkers of the
treatment were evaluated. The baseline biomarker profile of each patient was
used as his/her reference control. A total of 41 biomarkers in every patient were
analyzed. Three markers (FGFb, IL8, VEGF-C) were excluded from the statistic-
al analysis, and more than 10% samples could not be detected. The changes of 26
markers were statistically significant (P < 0.05), of which 12 markers were highly
significant (P < 0.0001). Among them, three markers including Ang2, MCP-1
and VEGF-R2 were down regulated, while MMP-2, PAI-1 activity, PAI-1 total
level, PLGF, SDF-1, VCAM-1, VEGF-A, VEGF-D and vWF were up regulated.
In this study, more than 20% patients had a stable period of disease for six
months or more, which indicated that some patients benefited greatly from this
combination therapy. Note that most of the patients who participated in this tri-
al were previously resistant to bevacizumab treatment, indicating the addition of

everolimus delayed the bevacizumab resistance and improved clinical results.

4. Summary

In recent years, drug-development in treatment of gastrointestinal tumors is rel-
atively slow. mTOR inhibitors have a good application prospect due to its high
bioactivity and low toxicity. Only 30% of clinical trial results about mTOR inhi-
bitors have been published, with about 35% of trials aborted for various reasons.
According to the published clinical data, the effect of using mTOR inhibitor
alone in treatment of gastrointestinal tumor is limited. This may be because the
complex feedback regulation pathways in the tumor interfere with the therapeu-
tic effect of mTOR inhibitors. Therefore, the best application direction of mTOR
inhibitors in the future should be combination drug therapy (with platinum
drugs, cytotoxic drugs, antibody drugs, radiotherapy, etc.). In addition, the ex-
pression of S6K1, an important factor in mTOR pathway, is correlated with tu-
mor development, which can be used as a diagnostic factor for tumor develop-

ment.
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