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The 20 Most Commonly Diagnosed Cancers 
Worldwide, 2008 Estimates

Cancer Research UK 2011



The 20 Most Common Causes of Death from 
Cancer Worldwide, 2008 Estimates

Cancer Research UK 2011



1. Surgical Resection
2. Liver Transplantation 
3. Radiofrequency Ablation (RFA)
4. Transarterial Chemoembolization and 

Radioembolization (TACE)
5. Chemotherapy - sorafenib, FDA 

approved 2006 

Currently-Available Treatment

Presenter
Presentation Notes
Surgical Resection. In the United States, less than 5% of patients are candidates for hepatic resection.Liver Transplantation. Limitation is the scarcity of organs available for transplantation within an optimal time frame.Local Ablation. Short-term outcomes are excellent, with overall survival rates of 100% and 98% at 1 and 2 years, respectively, but long-term outcomes are consistent with the noncurative nature of radiofrequency ablation, with 5-year recurrence rates as high as 70%.Transarterial Chemoembolization and Radioembolization (TACE). These procedures were associated with an improved 2-year survival rate as compared with conservative treatment .  However, A postembolization syndrome of fever and abdominal pain related to hepatic ischemia occurs in up to 50% of patients treated with TACE.Chemotherapy therapy-Sorafenib, FDA, 2006. The first and only systemically administered therapy to show efficacy in the treatment of unresectable HCC, increasing the median overall survival from 7.9 to 10.7 months. 



Limited benefit of 
current therapies

High mortality 
rate 

High rate of 
recurrence

Urgent need for 
new therapeutic 
approaches



Immunotherapy for HCC

A Promising Strategy

Immune-based Therapy Clinical Trials in Hepatocellular Carcinoma, J Clin Cell 
Immunol, 2015 Dec; 6 (6): 376



Douglas Hanahan, and Robert A. Weinberg. Cell 144, March 4, 2011

Emerging Hallmarks and Enabling  Characteristics
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Emerging Hallmarks and Enabling Characteristics. An increasing body of research suggests that two additional hallmarks of cancer are involved in the pathogenesis of some and perhaps all cancers. One involves the capability to modify, or reprogram, cellular metabolism in order to most effectively support neoplastic proliferation. The second allows cancer cells to evade immunological destruction, in particular by T and B lymphocytes, macrophages, and natural killer cells. Because neither capability is yet generalized and fully validated, they are labeled as emerging hallmarks. Additionally, two consequential characteristics of neoplasia facilitate acquisition of both core and emerging hallmarks. Genomic instability and thus mutability endow cancer cells with genetic alterations that drive tumor progression. Inflammation by innate immune cells designed to fight infections and heal wounds can instead result in their inadvertent support of multiple hallmark capabilities, thereby manifesting the now widely appreciated tumor-promoting consequences of inflammatory responses.The immune system plays a critical role in the development and outcome of hepatocellular carcinoma (HCC)





HCC-Specific Antigens Avoid Immune 
Destruction 

Hepatocellular cancer (HCC) antigens:    
AFP (Alpha Fetoprotein), Glypican 3 (GPC3), etc.

Liver is a tolerogenic organ:
maintains immune tolerance to digested antigens 
induces tolerance in liver transplant recipients



Clinically Relevant Murine model of HCC



Spontaneous Hepatocellular Cancer Model-MTD2

Strength
 C57BL/6 mice which are transgenic for the 

SV40 T-antigen
--Binds and inactivates tumor suppressor 
proteins p53 and RB
--Induces spontaneously arising tumors
when expressed as a transgene

 Highly immunogenic with well 
characterized CD8+ T-cell response

Weakness
o Hepatocytes are all transgenic and 

potentially tumorigenic
o Rapid tumor progression, early death
o Difficulty monitoring response to therapy
o Central Tolerance



Combinational Strategy to Make Clinically 
Relevant Murine Model:
CCl4 injection and Intrasplenic Inoculation of  Oncogenic Hepatocytes



Liver Fibrosis
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MRI Monitors Tumor Initiation and Progression 
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Figure 2. CCl4 treatment accelerates tumors growth. (A) Representative subset of kinetic series of MRI scans demonstrating increased tumor growth (arrow) over time in mice with CCl4 treatment compared to that without CCl4 treatment. Upper panel: mice in group 1 didn’t receive CCl4 treatment; Middle panel: mice in group 2 received CCl4 treatment for 3 weeks; Lower panel: mice in group 3 received CCl4 treatment for 6 weeks. (B) Mean tumor volume  versus time for three groups of mice were counted from one week after CCl4 treatment (n=5, error bars represent mean +/- S.D). (C) Average body weights versus time for three groups of mice were counted from one week after CCl4 treatment (n=5, error bars represent mean +/- S.D). 



Expression of Tumor-
Specific-Antigen (TSA)

Expression of Tumor-
Associated-Antigen 
(TAA)

Tumor antigens



Tumor-specific T cells are turned off as the tumor grows
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Immune Response in Tumor-bearing Mice



Tumor growth induces the increase of Tregs
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Tumor growth induces the increase of MDSCs
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Summary

 A high-fidelity model of HCC

 Mimics human HCC initiation and progression as 
tumor grows in the setting of liver fibrosis

 Reflects typical features of this disease process

 Tumors express clinically relevant tumor antigens

 Immune response to tumor antigen can be tracked as 
tumor progresses



A Synergistic Chemoimmunotherapeutic
Approach for HCC 

HEPATOLOGY 2012;55:141-152



Sunitinib

A small molecule inhibitor of  RTK, VEGFR-1, 
VEGFR-2, VEGFR-3, PDGFR-α, PDGFR-β, 
FLT3, KIT, RET. 

 The drug for treatment of  ccRCC and GIST 
granted by FDA in 2006

Being investigated for treatment of  breast cancer, 
colorectal cancer, non–small cell lung cancer, and 
hepatocellular cancer

Presenter
Presentation Notes
 SU11248 is a small molecule inhibitor of multiple receptor tyrosine kinases (RTK), including vascular endothelial growth factor receptors (VEGFR-1, VEGFR-2, VEGFR-3), platelet-derived growth factor receptors (PDGFR-α, PDGFR-β), FLT3, the stem cell growth factor receptor KIT, and RET 4. It has shown the clinical efficacy in the treatment of human cancers, and was approved by Food and Drug Administration (FDA) for the treatment of advanced clear cell renal cell carcinoma (ccRCC) and gastrointestinal stromal tumors (GIST) in 2006 4,5. It is also under intense investigation as a treatment for several other cancers, including breast cancer, colorectal cancer, non–small cell lung cancer and Hepatocellular carcinoma4, 5, 6. 
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The combination of sunitinib treatment with adoptive T cell transfer 
synergizes to promote HCC regression in tumor-bearing mice
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Figure 8.  The combination of sunitinib treatment with adoptive T cell transfer synergizes to promote HCC regression in tumor-bearing mice. The following tumor-bearing murine cohorts were utilized : Group 1, vehicle control; Group 2,adoptive transfer of naïve tumor-antigen-specific TCR-I T cells; Group 3, sunitinib every other day for two weeks; Group 4, sunitinib every other day for two weeks followed by adoptive T cell transfer.  Mice in all 4 groups received immunization following the indicated treatment. Tumor diameters were monitored by MRI monthly (A), and the number of surviving mice in each group was determined over time (B). N≥3.



Sunitinib treatment blocks CD8+ T-cell 
tolerance in tumor-bearing mice.

Presenter
Presentation Notes
Sunitinib treatment blocks CD8+ T cell tolerance in tumor-bearing mice. Groups of mice bearing tumors  > 30mm wereorally administrated either sunitinib or vehicle every other day for two weeks, and then received immunization with B6/WT-19 cells 7 days after adoptive transfer with TCR-I cells.  Control C57BL/6 mice received adoptive transfer with or without immunization. Nine days following immunization, splenic lymphocytes were isolated, and the frequency of Tag epitope I-specific CD8+ T cells was determined via ex vivo staining with MHC Db/I tetramer (A and B) or by intracellular staining for epitope I peptide-induced IFN-g production (A and C).  Representative flow cytometry results are shown in panel A while cumulative results are presented in panels B and C n=4; error bars represent mean +/- S.D.S.D. 



Sunitinib treatment reduces the magnitude of  
Tregs and MDSCs in tumor-bearing mice.
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Sunitinib treatment reduces the magnitude of Tregs and MDSCs in tumor-bearing mice. Splenic lymphocytes were isolated from mice bearing tumors treated with sunitinib or vehicle control every other day for two weeks, sequentially stained with specific mAbs, and analyzed by flow cytometry. The frequency of Tregs were determined via ex vivo staining with indicated Ab against CD4, CD25 and FoxP3. The  representative dot plot shows the expression of CD25 and FoxP3 on splenocytes gated on CD4 T cells in panel A. The frequency of MDSCs were determined via ex vivo staining with mAbs against CD11b and Gr-1 . The representative dot plot shows the expression of CD11b and Gr-1 expression on splenocytes in panel B.  The corresponding cumulative results are presented in panels C and D. n=3; error bars represent mean +/- S.D.
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Sunitinib specifically inhibits the activation of  STAT3 in HCC cells

Sk Hep1 (A) or HepG2 (B) cells were treated with sunitinib at indicated concentration 
for 24 h. Western blotting  analyses indicated sunitinib dramatically inhibited the 
activation of  STAT3. 
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Fig.4. SU11248 specifically inhibit the activation of STAT3 in cells. Sk Hep1 cells (A) or HepG2 (B)were seeded in 60mm petri dish at a concentration of 2×106 , then treated with SU11248 at indicated concentration for 24 h. The cells were lysed , proteins were extracted, quantified, and analyzed by Western blotting with  the antibodies to indicated genes, and β-actin as internal control. 



Hua Yu, Marcin Kortylewski and Drew Pardoll:  NATURE REVIEWS

STAT3 activation leads to 
immune tolerance
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STAT3 signalling facilitates communication between tumour cells and diverse immune-cell subsets, including tumour-associated regulatory T cells. Signal transducer and activator of transcription 3 (STAT3) activity is increased in tumour-associated regulatory T (TReg) cells. STAT3 signalling in Treg  cells can upregulate the expression of forkhead box P3 (FOXP3), transforming growth factor-β (TGFβ) and interleukin-10 (IL-10), which, in turn, restrain CD8+ effector T cells, as well as dendritic-cell maturation. Natural killer (NK) cells and neutrophils in the tumour stroma also have persistently activated STAT3, which inhibits the tumour-killing activity of both types of effector cell. IFNγ, interferon-γ; STAT3P, tyrosine-phosphorylated (activated) STAT3.



Summary:

Sunitinib inhibits HCC tumor growth directly 
through the STAT3 pathway and prevents tumor 
antigen-specific CD8 T-cell tolerance, thus 
defining a synergistic chemoimmunotherapeutic
approach for HCC.
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RFA in Combination with Immunotherapy in 

the Treatment of HCC

Potential of Radiofrequency Ablation in Combination with Immunotherapy in the Treatment 
of Hepatocellular Carcinoma. J Clin Trials 6:257. doi:10.4172/2167-0870.1000257



A tissue-mimicking media for optimizing RFA conditions
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Figure 1.  A tissue-mimicking media for optimizing RFA conditions. (A) A EPT-1000 XP™ cardiac RFA generator (left panel) together with a cardiac ablation electrode (4 mm length, 2.33 mm diameter; right panel) were used in this study. Two additional conductors served as ground electrodes (right panel). (B) Tissue-mimicking media was used to develop a temperature map after RF heating at a 65ºC target temperature for 60 s (left panel). Radial temperature profile after 60 s heating varied with target temperature, with higher temperatures resulting in larger ablation zones (right panel).



Liver ablation of normal mice with RFA
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10 week-old of C57BL/6 mice were given inhalational isoflurane to induce adequate anesthesia, then the abdomen was opened to expose the liver. Two grounding conductors were placed on either side of the opened abdomen. The RFA probe was placed on the liver surface to perform RFA with defined conditions: A power output of maximal 10 W for 60 s was utilized. The temperature of the probe tip was set at 85°C. (A) Representative macroscopic pictures of mice which underwent sham and RFA treatment with  recovery over time. Mice in the upper panel received laparotomy without RFA treatment were used for sham control.  Mice in the lower panel represent animals receiving RFA.  (B) Accumulated results showed the damaged liver area post RFA.  n=3, *p<0.05, error bars represent mean ±SDs.



H & E staining of liver tissue and the levels of ALT and 
AST in the blood of RFA-treated mice
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10 week-old of C57BL/6 mice received RFA treatment as described. Liver tissue was harvested from each mouse to make slides for H & E staining. Serum was collected for ALT and AST measurements. (A)  Representative H & E staining showed RFA-generated liver damage.  (B) The level of ALT in the serum from mice with or without RFA treatment. (C) The level of AST in the serum from mice with or without RFA treatment. n=3, *p<0.05, error bars represent mean ±SDs.



RFA Destroys Small and Large Tumor
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Figure 4. RFA treatment for destroying small and large tumors. Orthotopic murine HCCs were established, and the tumor size was measured with MRI. Mice with small and large tumors were selected to perform RFA with parameters that were previously defined in normal mice. A power output of 10 W for 60 s was utilized in tumor ablation. The temperature of the probe tip was set at 85°C. (A)) Representative macroscopic pictures showed tumor ablation after RFA treatment. (B) Accumulated results demonstrate the damaged liver area post-RFA application. n=3, *p<0.05, error bars represent mean ±SDs. (C) Representative MRI scans to monitor tumor and RFA-generated tumor damage.



Characteristics of RFA-induced Tumor Damage
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Figure 5. Characteristics of tumor damage induced by RFA treatment. Mice bearing small and large tumors of equivalent size received RFA treatment or sham treatment. Tumor tissue was harvested from each mouse from the respective treatment groups at distinct set time periods and slides were prepared for H & E staining. Simultaneously, serum was collected for ALT and AST measurements. (A)  Representative H & E staining showed RFA-generated tumor damage in mice bearing small and large tumors.  (B) The level of ALT and AST in the serum from small tumor-bearing mice receiving RFA and control sham treatment. (C) The level of ALT and AST in the serum from large tumor-bearing mice receiving RFA and control sham treatment.  n=3, *p<0.05, error bars represent mean ±SDs.



Monotherapeutic efficacy of RFA on small and large 
tumor-bearing mice

Cancer Biol Ther. 2015;16(12):1812-9. doi: 10.1080/15384047.2015.1095412.
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Figure 6. The monotherapeutic efficacy of RFA on small and large tumor-bearing mice. Mice bearing small and large tumors of equivalent size were divided into two groups which received RFA treatment or control sham treatment.  The survival of mice bearing small tumors (A) and large tumors (B) post-RFA treatment was observed over time.



Impact of RFA on Immune 
Response in Large Tumor-

bearing Mice



RFA does not significantly increase the frequency of TSA-CD8+ T 
cells



RFA does not increase the frequency of CD8 T cells secreting IFN-γ in 
response to stimulation with for Tag-epitope-I  in tumor-bearing mice



RFA impacts the frequency of CD8 T cells secreting TNF-α in response to 
stimulation with for Tag-epitope-I  in tumor-bearing mice



RFA impacts PD-1 expression in CD8 T cells from 
tumor-bearing mice



Ongoing RFA-based Immunotherapeutic Strategies

1. RFA in combination with Sunitinib for the 
treatment of HCC

2. RFA in combination with anti-PD-1 antibodies 
for the treatment of HCC

3. RFA in combination of sunitinib and anti-PD-1 
antibodies for the treatment of HCC



Future Direction:
Laser Ablation in Combination with 

Immunotherapies in the Treatment of HCC



Development of Laser Ablation for the Treatment of HCC
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Figure 1.   LIT of HCCs. a. Schematic design of LIT treatment for HCC-bearing mice with large tumors.  b. Mice bearing with large tumors are anesthetized and the abdominal cavity was opened to exposure tumors. The fiber was inserted into the center of a tumor mass of about 8 mm in diameter. After performing laser treatment with the different parameters, 100 µl immunoadjuvant GC were injected into the tumors. c. The temperature alteration over laser treatment was detected with a focus-free FLIR E8 Compact Thermal Imaging Camera. The representative temperatures generated with lase treatment in two tumor-bearing mice were showed. d. The alteration of temperature over LIT in 10 tumor-bearing mice were recorded. 
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