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Bayer Uses Lessons From Past Trials To Beat Liver Cancer

Clinical Leader/June 23,2017 By Ed Miseta, Chief Editor, Clinical Leader

It has been approximately 10 years since Bayer's medicine Nexavar was approved for the treatment of advanced
hepatocellular (liver) cancer. Despite all of the research and money put into this effort since then, there has not been another drug
approved for this disease. However, in April 2017, patients did finally see a new treatment (Stivarga) approved by FDA.

‘Second-line liver cancer is a high, unmet clinical need,” says Mark Rutstein, VP of Oncology Clinical Development for Bayer. Our new drug,
Stivarga (regorafenib), will help to address that unmet need.”

Over the 10 year period noted earlier, there were a number of failed clinical trials. In fact, a few candidates that initially appeared to have
promise did not make it through to approval. According to Rutstein, one factor that stands out with liver cancer is heterogeneaty at the
molecular level. With some cancers, there is a driver pathway or mutation that is a main driver of the disease state. With liver cancer,
despite all of the work that has been done over the years, researchers have not been able to recognize a single predominant key driver,
pathway, or mutation to pursue. This has resulted in researchers having to take a broad approach with treatment strategies.

Past Findings Aid Research

\With the challenges faced in this type of cancer, Bayer carefully crafted the participant eligibility criteria based on what was known about the
disease and the safety profile of the investigational drug. The company worked closely with physicians and investigators to determine which
patient groups would exhibit the highest likelihood of benefiting from Stivarga.

‘In this case, we were able to benefit from past experience,” says Rutstein. “Bayer has invested a lot of time and effort into studying this
disease. We were able to learn from past trials that failed, and also learn about better study design.”

One example Rutstein cites is patient selection. For the Stivarga Phase 3 trial (RESORCE), patients were selected using the Child-Pugh
score, which is used to assess the prognosis of the underlying chronic liver disease that may have led to the development of the
hepatocellular cancer. Patients with Child-Pugh A liver function were selected for this trial. These patients have a better prognosis and are
most likely to benefit from investigational therapy.

Rutstein notes that patients with a progression of liver disease to Child-Pugh B or Child-Pugh C may find it more difficult to stay in a study
until completion of the trial given their more advanced liver disease and poorer prognosis. With liver cancer, there is the burden of the tumor
but also of the underlying liver disease which resulted in the development of the tumor. That dual issue is something investigators would be
required to contend with, and those investigators were instrumental in the recruitment process.

Tolerability And Baseline Prognostic Factors Play A Role

Another consideration in the trial design was related to the level of tolerability to the prior (Nexavar) treatment. For this study, patients were
required to have disease progression on Nexavar in order to enter the trial and were not permitted to enter if they had discontinued use of
Nexavar due to drug-related toxicity. There was also a provision in the eligibility criteria that would allow a patient to enter the trial as long as
they had been receiving at least 400mg of Nexavar per day for 20 of the last 28 days prior to discontinuing its use.

‘That was a key issue in the eligibility criteria,” says Rutstein. “Nexavar has some overlap with Stivarga in terms of overall safety profile.
While they are very different drugs, there is enough similarity in the safety profile that researchers felt patients who were not able to tolerate
Nexavar would likely not be able to tolerate Stivarga. For that reason, those patients were excluded from the RESORCE study.

For the trial design, Bayer was again able to fall back on its knowledge of liver cancer trials that had been gained over time. Understanding
prognostic factors for the disease was one of those areas. Patients brought into the study were randomized into one of two treatment arms,
n this case Stivarga plus best supportive care or placebo plus best supportive care. Bayer stratified randomization based on important
baseline prognostic factors.

‘The knowledge we have gained includes understanding which key prognostic factors should be incorporated in the stratification process,”
states Rutstein. “That step was as crucial here as it is in any trial. If one fails to identify key prognostic factors and to make sure that patients
with those factors are evenly distributed between treatment arms of the study, then there could be a confounding impact on the primary
efficacy assessment.”

n the RESORCE study, randomization was stratified by baseline prognostic factors including geographical region (Asia versus rest of
world), macrovascular invasion (yes or no), extrahepatic disease (yes or no), a-fetoprotein concentration (<400 ng/mL or 2400 ng/mL), and
Eastern Cooperative Oncology Group (ECOG) performance status (0 or 1).

The global trial was conducted in North America, South America, Europe, Australia, and Asia. In fact, a significant number of patients were
recruited from Asia where hepatocellular cancer has a high prevalence. Geography was chosen as a stratification factor given that the
underlying etiology of liver disease and the management of patients may vary by region. Such differences may have prognostic significance
and, therefore, have the potential to impact the study results.

‘We have a steering committee of leading investigators, comprised of representatives from different regions of the world,” adds Rutstein.
‘The committee members help Bayer to think through the decisions regarding which countries we should involve in the trial. Of course, a
feasibility study was also performed which posed questions to investigational site personnel in different countries about the study protocol.
This allowed Bayer to determine, before the start of the trial, what the projected accrual would be in Asia versus Europe versus the U.S.”
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FDA Approves Bayer’s Stivarga to Treat Most Common Liver Cancer

REUTERS/HEALTH NEWS/Thu Apr 27, 2017

The U.S. Food and Drug Administration said on Thursday it has approved Bayer AG's drug Stivarga to treat liver
cancer, the first such approval in nearly a decade.

Stivarga is already approved to treat colorectal cancer in patients who have previously been treated with other
therapies. Bayer may now also market it for patients with hepatocellular carcinoma (HCC), the most common form
of liver cancer.

About 40,710 people will be diagnosed with liver cancers in 2017 and about 28,920 will die of the diseases,
according to the National Cancer Institute.

"This is the first time patients with HCC have had an FDA-approved treatment that can be used if their cancer
has stopped responding to initial treatment with sorafenib," Dr. Richard Pazdur, head of the FDA's cancer division,
said in a statement.

Sorafenib, also made by Bayer, is sold under the brand name Nexavar. It was approved initially approved to treat
kidney cancer and was approved to treat liver cancer in 2007.

The wholesale price of Stivarga, also known as regorafenib, is $14,881 for one course of treatment. Bayer said it
has a number of assistance programs to provide free medication "to eligible Nexavar and Stivarga patients."

A clinical trial of 573 patients with HCC showed that the median overall survival for patients taking Stivarga was
10.6 months compared with 7.8 months for patients taking a placebo.
74 kiR :Reuters News
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The Herbal Compound Songyou Yin (SYY) Inhibits Hepatocellular Carcinoma Growth and Improves
Survival in Models of Chronic Fibrosis via Paracrine Inhibition of Activated Hepatic Stellate Cells.

Yang Bu et al

1.Hepatobiliary Surgery, General Hospital of Ningxia Medical University, Yinchuan, China

2.Liver Cancer Institute, Zhongshan Hospital, Fudan University, Key Laboratory of Carcinogenesis and Cancer Invasion,Ministry of Education,
Shanghai, China

3.Cancer Center, Institutes of Biomedical Sciences, General Surgery, Huashan Hospital, Fudan University, Shanghai ,China

Oncotarget, Vol. 6, No. 37
Impact factor:5.168 , Rank Factor: 44/216(Oncology); Rank Factor:48/189(Cell Biology)

Abstract

Chronic fibrosis is a major risk factor for the development of hepatocellular carcinoma (HCC). The pathologica:
progression of hepatic fibrosis has been linked to cellular processes that promote tumor growth and metastasis.
Several recent studies have highlighted the cross-talk between tumor cells and activated hepatic stellate cells
(aHSCs) in HCC. The herbal compound Songyou Yin (SYY) is known to attenuate hepatoma cell invasion and
metastasis via down-regulation of cytokine secretion by aHSCs. However the underlying mechanism of SYY
treatment in reversal of hepatic fibrosis and metastasis of liver cancers is not known. In the current study, a nude
mouse model with liver fibrosis bearing orthotopic xenograft was established and we found that SYY could
reduce associated fibrosis, inhibit tumor growth and improve survival. In the subcutaneous tumor model with
fibrosis, we found that SYY could inhibit liver cancer. In vitro, hepatoma cells incubated with conditioned
media (CM) from SYY treated aHSCs showed reduced proliferation, decrease in colony formation and invasive
potential. SYY treated group showed altered gene expression, with 1205 genes up-regulated and 1323 genes
down-regulated. Gene cluster analysis indicated that phosphatidylinositol-3-kinase (PI3K) was one of the key
genes altered in the expression profiles. PI3K related markers were all significantly down-regulated. ELISA also
indicated decreased secretion of cytokines which were regulated by PI3K/AKT signaling after SYY treatment in
the hepatic stellate cell line, LX2. These data clearly demonstrate that SYY therapy inhibits HCC invasive and
metastatic potential and improves survival in nude mice models with chronic fibrosis background via inhibition
of cytokine secretion by activated hepatic stellate cells.

Review

Immune-Mediated Therapies for Liver Cancer

Rajagopal N. Aravalli and Clifford J. Steer

1.Department of Electrical and Computer Engineering, University of Minnesota,

2.Departments of Medicine and Genetics, Cell Biology and Development, University of Minnesota
Genes 2017, 8, 76;

Impact Factor: 3.600, Rank Factor:56/166(Genetic & Heredity)

Abstract:

In recent years, immunotherapy has gained renewed interest as an alternative therapeutic

approach for solid tumors. Its premise is based on harnessing the power of the host immune system
to destroy tumor cells. Development of immune-mediated therapies, such as vaccines, adoptive
transfer of autologous immune cells, and stimulation of host immunity by targeting tumor-evasive
mechanisms have advanced cancer immunotherapy. In addition, studies on innate immunity and
mechanisms of immune evasion have enhanced our understanding on the immunology of liver cancer.
Preclinical and clinical studies with immune-mediated therapies have shown potential benefits in
patients with liver cancer. In this review, we summarize current knowledge and recent developments
in tumor immunology by focusing on two main primary liver cancers: hepatocellular carcinoma

and cholangiocarcinoma.
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Review

Hepatoprotective Effects of Chinese Medicinal Herbs: A Focus on Anti-Inflammatory and Anti-Oxidative
Activities

Puiyan Lam et al

1.School of Chinese Medicine, The University of Hong Kong, Hong Kong, China

2.Division of Gastroenterology and Hepatology, Queen Mary Hospital and Department of Medicine,Li Ka Shing Faculty of Medicine, The University
of Hong Kong, Hong Kong, China;

Int. J. Mol. Sci. 2016, 17, 465
IF: 3.226, Rank Factor:116/286 (Biochemistry & Molecular Biology); Rank Factor: 54/166(Chemistry ,Multidisciplinary)

Abstract:

The liver is intimately connected to inflammation, which is the innate defense system of the body for
removing harmful stimuli and participates in the hepatic wound-healing response. Sustained inflammation
and the corresponding regenerative wound-healing response can induce the development of fibrosis, cirrhosis
and eventually hepatocellular carcinoma. Oxidative stress is associated with the activation of inflammatory
pathways, while chronic inflammation is found associated with some human cancers. Inflammation and
cancer may be connected by the effect of the inflammation-fibrosis-cancer (IFC) axis. Chinese medicinal
herbs display abilities in protecting the liver compared to conventional therapies, as many herbal medicines
have been shown as effective anti-inflammatory and anti-oxidative agents. We review the relationship
between oxidative stress and inflammation, the development of hepatic diseases, and the hepatoprotective
effects of Chinese medicinal herbs via anti-inflammatory and anti-oxidative mechanisms. Moreover, several
Chinese medicinal herbs and composite formulae, which have been commonly used for preventing and
treating hepatic diseases, including Andrographis Herba, Glycyrrhizae Radix et Rhizoma, Ginseng Radix et
Rhizoma, Lycii Fructus, Coptidis Rhizoma, curcumin, xiao-cha-hu-tang and shi-quan-da-bu-tang,were
selected for reviewing their hepatoprotective effects with focus on their anti-oxidative and ant-inflammatory
activities.This review aims to provide new insight into how Chinese medicinal herbs work in therapeutic
strategies for liver diseases.

The Chinese Medicine Sini-San Inhibits HBx-induced Migration and Invasiveness of Human Hepatocellular

Carcinoma Cells
Hung-Jen Lin, Shung-Te Kao, Yu—Miao Siao and Chia-Chou Yeh

1School of Post-baccalaureate Chinese Medicine, Tzu Chi University, Hualien, Taiwan.

2Department of Chinese Medicine, Buddhist Dalin Tzu Chi General Hospital,.Chia-Yi, Taiwan

3School ofChinese Medicine, China Medical University, Taichung, Taiwan.

4Division ofChinese Medicine, China Medical University Hospital, Taichung, Taiwan.

5Department of Traditional Chinese Medicine Diagnosis, China MedicalUniversity Hospital, Taichung, Taiwan.

BMC Complementary and Alternative Medicine (2015) 15:34
Impact Factor:2.288, Rank Factor:6/25(Integrative & Complementary Medicine)

Abstract

Background: Sini-San (SNS) is a formulation of four Traditional Chinese Drugs that exhibits beneficial therapeutic
effects in liver injury and hepatitis. However, there are no reports describing its effects on the hepatitis B X-protein
(HBx)-induced invasion and metastasis in hepatoma cells, and the detailed molecular mechanisms of its actions are
still unclear.

Methods: In this study, we investigated the mechanisms underlying SNS-mediated inhibition of HBx-induced cell
invasion and the inhibition of secreted and cytosolic MMP-9 production, using gelatin zymography and Western

blot analysis in a human hepatoma cell line (HepG2). Relative luciferase activity was assessed for MMP-9, NF-«xB, or
AP-1 reporter plasmid-transfected cells.

Results: SNS suppressed MMP-9 transcription by inhibiting activator protein (AP)-1 and nuclear factor-k B (NF-«xB)
activity. SNS suppressed HBx-induced AP-1 activity through inhibition of phosphorylation in the extracellular
signal-related kinase (ERK) and c-Jun N-terminal kinase (JNK) signaling pathways. SNS also suppressed
HBx-induced inhibition of NF-kB nuclear translocation through IxB and suppressed HBx-induced activation of ERK/
phosphatidylinositol 3-kinase/Akt upstream of NF-kB and AP-1.

Conclusions: SNS suppresses the invasiveness and metastatic potential of hepatocellular carcinoma cells by
inhibiting multiple signal transduction pathways.
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