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Meeting The Cancer Challenge

¸ prevention
¸ cure

The Ideal
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US Cancer Deaths 2014

580,000
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Clinical Standard-of-Care (SOC) Guidelines

¸ adjuvant therapy
– (post-surgery/radiation)

¸ neoadjuvant therapy
– (pre-surgery/radiation)

¸ palliative therapy
– (non-curative Rx for advanced disease)

¸ end-of-life care
– (last six months but more typically last month:    

ICU, hospice, in-home)
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FDA-Approved Anti-Cancer Drugs

Generic Name Trade Name Approved Indication

altretamine Hexalen ovarian cancer

arsenic trioxide Trisenox certain leukemias

bendamustine Treanda multiple cancers

bleomycin sulfate Blenoxane certain lymphomas, squamous cell and 
testicular cancers

busulfan Myleran, Busulfex certain leukemias

carboplatin Paraplatin, Paraplat breast, lung and ovarian cancers

carmustine BiCNU brain tumors, certain lymphomas

chlorambucil Leukeran multiple cancers

cisplatin Platinol-AQ multiple cancers

cyclophosphamide Cytoxan multiple cancers

dacarbazine DTIC-Dome melanoma, certain brain cancers

dactinomycin Cosmegen multiple cancers

daunorubicin, 
daunomycin

Cerubidine certain leukemias

doxorubicin 
hydrochloride

Adriamycin PFS, 
AdriamycinRDF

multiple cancers

epirubicin hydrochloride Ellence certain leukemias, breast and stomach 
cancers

DNA Damaging Agents
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Categories of Anti-Cancer Therapeutics

¸ DNA synthesis inhibitors (anti-metabolites)
¸ DNA damaging agents
¸ cytoskeleton (microtubule) modifying agents

¸ hormones (agonists)
¸ hormone blockers (antagonists)

Cytotoxic Chemotherapy

Hormonal Agents
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Categories of Anti-Cancer Therapeutics

¸ modify histones and gene expression

¸ induce terminal differentiation to 
non-replicating state (leukemias/lymphomas 
but not solid tumors to date)

Epigenetic Modulators

Proteasome Inhibitors

Cell Differentiation Agents
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Cancer Predisposition Genes

Retinoblastoma (RB)

Adenomatosis Polyposis Coli (APC)
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Screening and Cancer Prevention in 
Individuals with Inherited Germline Mutations

in Cancer Predisposing Genes

¸ surgical removal of ‘at risk’ organ in high risk 
patients
– mastectomy, oophorectomy (BRCA-1/2 carriers)
– stomach (CDH1 mutation)
– thyroid (RET mutation)
– colon (APC mutation)

¸ detection of early cancer and surgical resection
– elevated catecholamines (phaeochromocytoma)
– elevated calcitonin (thyroid cancer)
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The Path to Precision (Personalized) TherapyThe Path to Precision (Personalized) Therapy
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Mapping Causal Perturbations in Molecular Pathways and 
Networks in Disease: Defining a New Taxonomy for Disease

“Omics” Profiling to 
Identify Disease Subtypes 

(+ or - Rx Target)
Altered Network Structure and 

ID of Molecular Targets
for MDx and/or Rx Action

*

*

*
*

*
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Oncogene Addiction and ‘targeted’ Cancer Therapies

¸ tumor cells become reliant on particular 
oncogene

¸ die if addictive oncogene is inhibited
¸ rationale for ‘targeted’ cancer therapy to 

selectivity inhibit the relevant oncogene



π 41X812 Lecture1 Week11 Bio302 CCC March 31 2015

Biomarkers, Disease Subtyping and Targeted Therapy: 
Companion Diagnostics - the Right Rx 

for the Right Disease (Subtype)

Her-2+
(Herceptin)

(Perjeta)

EML4-ALK
(Xalkori)

KRAS
(Erbitux)
(Vectibix)

BRAF-V600
(Zelboraf)
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Targeted Oncology Therapies in Molecularly Stratified Populations

Cancer Target Agent

Breast carcinoma HER2 amplification trastuzumab, lapatinib

NSCLC (adenoCA) EGFR mutations EGFR TKIs (erlotinib, gefitinib)

NSCLC EML-ALK ALK inhibitors (crizotinib)

GIST KIT and PDGFRA mutations Imatinib

Melanoma BRAF-V600 mutation BRAF inhibitor (vemurafenib)

Ewing's sarcoma EWS-FLI translocation anti-IGF1R mab (figitumumab)

Medulloblastoma BCC PTCH1 or SMO mutations SMO inhibitors (vismodegib)

Ovarian/ breast CA BRCA1/BRCA2 mutations PARP inhibitors (olaparib)

PRCC MET mutations MET TKIs (ARQ197. XL880)
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Alteration of Rx Target in One Cancer Cell Type
May Not Always Translate to Rx Efficacy
in Cancers Arising in Different Cell Types

Alteration of Rx Target in One Cancer Cell Type
May Not Always Translate to Rx Efficacy
in Cancers Arising in Different Cell Types

Context:





π 46X812 Lecture1 Week11 Bio302 CCC March 31 2015

EGFR Mutations in Different Structural Domains

Source: Nat. Rev. Cancer 2006
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Differential Sensitivity of Glioma-Versus Lung Cancer-
Specific EGFR Mutations to EGFR Kinase Inhibitors

¸ EGFR mutations in lung cancer reside in the 
intracellular kinase domain

¸ EGFR mutations in glioblastoma multiforme (GBM) 
cluster in the extracellular domain

– poor clinical results in GBM with erlotinib, gefitnib
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Tumor Cell Heterogeneity:
The Omnipresent and Greatest Challenge 

in Cancer Therapy

Tumor Cell Heterogeneity:
The Omnipresent and Greatest Challenge 

in Cancer Therapy
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Tumor Cell Heterogeneity:
The Omnipresent and Greatest Challenge in Cancer Therapy

X X
X
X

X

X
X

X

X

X

X
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The Principal Challenge in Cancer Rx TherapyThe Principal Challenge in Cancer Rx Therapy

Drug Resistance:

The Co-existence of Multiple Tumor Cell Clones with 
Varied Susceptibility to Different-Rx

The Co-existence of Multiple Tumor Cell Clones with 
Varied Susceptibility to Different-Rx
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Emergence of Drug-Resistance 
Mutations in Tumor Progression

¸ “intrinsic 
resistance” 
to specific 
Rx

¸ exist prior to 
Rx

mutation(s)
in Rx-naïve

patients

¸ “acquired 
resistance” 
to specific 
Rx

¸ Rx as 
selective 
pressure (cf. 
antibiotic 
resistance 
in bacteria)

mutation(s)
in Rx-treated

patients
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Targeted Therapeutics and  Cancer

Molecular Subtyping 
and 

RX Targets

Rx-Resistance 
via

Redundant 
Molecular Pathways

Initial Rx-Response
to 

Targeted Rx

B = 15 weeks Rx 
(Zelboraf®)
C =  23 weeks Rx
and emergence of 
MEK1C1215 mutant
(Wagle et al. (2011) 
JCO 29, 3085)
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Emergence of Drug Resistance to 
Targeted Therapy in Melanoma

Circumvention of 
Rx-Resistance Requires
Multi-site Blockade of 
Connected Signaling 

Pathways

Rx-Resistance 
via Alternate Molecular 

Signaling Pathway
(Network Redundancy)

Initial Rx-Response
to 

Targeted Rx

B = 15 weeks Rx 
(Zelboraf®)
C =  23 weeks Rx
and emergence of 
MEK1C1215 mutant
(Wagle et al. (2011) 
JCO 29, 3085)
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Redundancy and Robustness in Molecular Signaling Networks:
The Biological Foundation of Rx Resistance

sensitive sensitive resistant

Rx1 Rx2 Rx2 Rx2

sensitive

Rx2
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All the Talk About ALK, and Crizotinib (PF-02341066) | GRACE ...cancergrace.org960 × 720Search by imageThese aren't the k

Tumor Responses to Crizotinib for Patients
with ALK-positive NSCLC
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breast-cancer-research.com - Figurebreast-cancer-research.com669 ×
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RECIST
(Response Evaluation Criteria In Solid Tumors) 
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Monitoring Treatment Responses in Cancer

¸ Response Evaluation Criteria In Solid Tumors

¸ imaging of size and volume of tumor 
metastases

¸ not sufficiently sensitive to detect emergence 
of treatment-resistant tumor cell clones in solid 
tumors

RECIST
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The Urgent Need for New Diagnostics 
and Molecular Profiling Tools

for Improved Monitoring of Tumor Progression

The Urgent Need for New Diagnostics 
and Molecular Profiling Tools

for Improved Monitoring of Tumor Progression

From ‘Static Snap Shot’ at Initial Diagnosis to 
Dynamic Monitoring of Clonal Population Dynamics 

From ‘Static Snap Shot’ at Initial Diagnosis to 
Dynamic Monitoring of Clonal Population Dynamics 
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Tumor Profiling and Optimum Treatment Selection

¸ initial diagnosis (‘static snapshot’)

¸ longitudinal profiling during treatment for earlier 
detection of emergence of drug-resistant clones

¸ more agile shifts in Rx regiment to reflect changing 
clonal dynamics driven by Rx selection pressure(s)
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Gallery of representative HD-CTCs found in cancer patients. Each HD-CTC is 
cytokeratin positive (red), CD45 negative (green), contains a DAPI nucleus (blue), 

and is morphologically distinct from surrounding WBCs.

From: D. Marrinucci et al. (2012) Phys. Biol. 9, 016003
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Liquid Biopsy: 
Identifies Type of Cancer from Blood Draw
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Human plasma Carisome™ cMV isolated via Caris proprietary method 
captured on bead with anti-CD63 antibody 




