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Learning Objectives

• Understand established tumor markers for 
breast cancer (What and When)

• Define conventional laboratory measures that 
may help guide ND treatments decisions

• Review independent labs parameters that can 
help tailor treatment.



Overview of Cancerous Growth



Party Line-- ASCO

Tissue Derived 
Markers

• ER/PR receptor status
• Her2/neu
• uPA/PAI-1
• Oncotype Dx

Circulating Markers

• Ca 15-3
• Ca 27-29
• CEA

Predictive or Prognostic only; 
No screening markers recommended.



MUC1 FAMILY (Ca 15-3, 27-29)

Increased in 50-80% of metastatic Br 
Ca patients



Carcinoembryonic Antigen (CEA)



When are they recommended?

• ER/PR/ Her2/Neu:  all primary tumor samples

• CEA/ Ca 15-3, 27-29: Recommended for use in
 patients with established metastatic disease. 

– NOT recommended for monitoring for recurrence

• Oncotype DX: Women with Stage I or II, ER 
positive, node negative invasive breast cancer 
(soon may be for node positive too)



Oncotype Dx- ER+, Node -

• 21 gene profile (measuring mRNA) to render a 
specific “recurrence score”  (from 0-100)

• Used to assess the predictive benefit of 
chemotherapy in reducing distant mets in 
women who are taking tamoxifen for 5 years.





Oncotype Dx

• Score below 18: Chemo not likely beneficial
• Scores between 18-31: We don’t know yet…
• Score 31-100: risk of distant recurrence is 

reduced by an absolute 28% with chemo (60% 
of women were without mets at 10 years with 
TAM only vs. 88% free of mets with 
TAM+CMF)

***When all Stage I and II breast cancer patients 
are pooled (scores 0-100), the absolute 
benefit of chemo on prevention of distant 
mets in 10 years is 4%.***



Genomic Signatures 
(DNA Microarray)

All look for expressed genes in the tumor cells 

• Mammaprint®(Amsterdam 70-gene predictive 
profile)---Fresh

• Oncotype Dx®(21-gene recurrence score)---
Fixed or Fresh

• 76-gene prognostic signature---Fresh
• Wound response---Fresh
• Two-gene ratio---Fixed



Mammaprint

• FDA Approval for lymph node negative breast 
cancer patients under 61 years of age with 
tumors of less than 5 cm.

• Stratifies patient into “low risk” or “high risk” 
of distant metastasis

• Unlike Oncotype, the outcome of intervention 
(ie, chemo) has not been assessed



What ASCO has NOT Recommended 

• Ki67, cyclin D, cyclin E, 
p27, p21, thymidine 
kinase, topoisomerase II, 
or other markers of 
proliferation to assign 
patients to prognostic 
groups.

• The above tests include 
tissue specimens as well 
as serum.

Circulating Markers
• Her2/neu serum
• Capthesin D
• Cyclin E fragments
• Proteomic Analysis
• Bone marrow 

micrometastasis tests
• Circulating Tumor Cells 

(CTC’s)



Serum Her-2/neu 



Circulating Tumor Cells (CTC)
• Independent prognostic factor for distant mets free 

survival and Overall Survival (OS)
– 115 pts with locally advanced operable Br Ca(f/u= 36 

months)
– 10% had >1CTC/7.5mL blood (before neoadjuvant chemo 

sample)
F.-C. Bidard, Single circulating tumor cell detection and overall 

survival in nonmetastatic breast cancer. Ann Oncol October 22, 
2009

• reduced disease-free interval and overall survival, 
respectively, in node-negative breast cancer patients
– 167 pts, node negative dz.  Did correlate with Her2 +

Nikos Xenidis, Journal of Clinical Oncology, Vol 24, No 23 (August 10), 2006: pp. 
3756-3762

Clinical Utility still being delineated…
J.-Y. Pierga, Circulating Tumor Cell Detection Predicts Early Metastatic Relapse After 

Neoadjuvant Chemotherapy… Clin. Cancer Res., November 1, 2008; 14(21): 7004 - 
7010. 



Kaplan-Meier estimates of probabilities of progression-free survival and overall survival in 
patients with metastatic breast cancer for those with <5 CTCs per 7.5 mL of whole blood and 

those in the group with ≥5 CTCs in 7.5 mL of whole blood at the first follow-up visit after 
initiation of a new line of therapy (n=177 pts)

Hayes D F, Smerage J Clin Cancer Res 2008;14:3646-3650

©2008 by American Association for Cancer Research



Bone Marrow Micrometastasis
aka Disseminated Tumor Cells (DTC’s)

Tumor type (M0)  Detection rate (%)
• Breast cancer  20-40
• Prostate cancer 20-50
• Lung cancer (NSCLC) 40-60
• Gastric cancer 35-60
• Esophageal cancer 30-40
• Pancreatic cancer 20-35
• Colorectal cancer 20-30

Review Paper: C. Alix-Panabieres, et al. Circulating Tumor Cells and Bone Marrow 
Micrometastasis Clin. Cancer Res., August 15, 2008; 14(16): 5013 - 5021.



From Medscape:
Circulating Tumor Cells: Detection, Molecular Profiling & Future Prospects: The Metastatic 
Cascade in Carcinomas: How CTC Are Formed, When & Where They Are Shed, & How 
Efficient They Are in Creating Metastasis

“more than 30% of women with breast cancer have thousands 
                of micrometastases in their bone marrow”
                                     … less than half will have clinical metastasis.



EMT   

In order to acquire mobility
and invasiveness, carcinoma 
cells need to shed many 
features of their epithelial 
phenotype and undergo 
drastic alterations, acquiring 
the morphology and gene 
expression pattern of 
mesenchymal cells (Figure 1). 
This process, termed 
epithelial–mesenchymal t
ransition (EMT), is 
physiologically used for 
wound healing in mature 
organisms and, importantly, 
is essential during early 
embryogenesis .” 



Overview of Cancerous Growth

Growth Factors:
VEGF
IGF

Cytokines
IL-6
IL1B

Pro-Inflammatory
Molecules:
NF Kappa B
Cox-2





Growth Factors-
General List

• Bone morphogenetic proteins (BMPs)
• Epidermal growth factor (EGF)
• Erythropoietin (EPO)
• Fibroblast growth factor (FGF)
• Granulocyte-colony stimulating factor (G-CSF)
• Granulocyte-macrophage colony stimulating factor

 (GM-CSF)
• Growth differentiation factor-9 (GDF9)
• Hepatocyte growth factor (HGF)
• Hepatoma derived growth factor (HDGF)
• Insulin-like growth factor (IGF)
• Myostatin (GDF-8)
• Nerve growth factor (NGF) and other 

neurotrophins
• Platelet-derived growth factor (PDGF)
• Thrombopoietin (TPO)
• Transforming growth factor alpha(TGF-α)
• Transforming growth factor beta (TGF-β)
• Vascular endothelial growth factor (VEGF)

Cancer cells use many 
growth factors to their 
advantage.  

In addition to circulating 
GF’s, many GF’s are made 
within the tumor niche, by 
the cancer cells themselves 
or by neighboring stroma or 
immune cells. 

Endocrine/ 
Autocrine/Paracrine

http://en.wikipedia.org/wiki/Epidermal_growth_factor
http://en.wikipedia.org/wiki/Erythropoietin
http://en.wikipedia.org/wiki/Fibroblast_growth_factor
http://en.wikipedia.org/wiki/Granulocyte-colony_stimulating_factor
http://en.wikipedia.org/wiki/Granulocyte-macrophage_colony_stimulating_factor
http://en.wikipedia.org/wiki/Growth_differentiation_factor-9
http://en.wikipedia.org/wiki/Hepatocyte_growth_factor
http://en.wikipedia.org/w/index.php?title=Hepatoma_derived_growth_factor&action=edit&redlink=1
http://en.wikipedia.org/wiki/Insulin-like_growth_factor
http://en.wikipedia.org/wiki/Myostatin
http://en.wikipedia.org/wiki/Nerve_growth_factor
http://en.wikipedia.org/wiki/Neurotrophins
http://en.wikipedia.org/wiki/Platelet-derived_growth_factor
http://en.wikipedia.org/wiki/Thrombopoietin
http://en.wikipedia.org/wiki/Transforming_growth_factor_alpha
http://en.wikipedia.org/wiki/Transforming_growth_factor_beta
http://en.wikipedia.org/wiki/Vascular_endothelial_growth_factor


Insulin Like Growth Factor 1 and2 



IGF-1, IGF-2

IGF-1 is normally 
produced by the 
liver and stimulated 
by Growth Hormone 
(GH)

Estrogen Receptor 
alpha (ERα) can 
translocate to the 
cell membrane and 
bind/ stimulate 
IGFR1. (Not so for 
ERβ) 



Circulating IGF-1 levels

• Higher levels of IGF-1 assoc with risk in 
premenopausal, but not post menopasual 
women (A. G. Renehan, et al. Breast Cancer 
Online (2005), 8:1:e1

•  IGF-1 mRNA in the liver was positively 
associated with dietary casein (rats)
– British Journal of Nutrition 67 (2): 257.

http://en.wikipedia.org/wiki/Casein


C-peptide/ Insulin

C-peptide is concordant with insulin levels, with less variability

• Insulin promotes Tamoxifen resistance (via transcription factor 
T-bet)

• Insulin is known to decrease binding proteins (BP’s) for IGF-1, 
rendering more IGF-1 available

• C-peptide is inversely assoc. with SHBG (thus increasing free 
estrogens)

• Higher serum levels of C-peptide assoc. with sig lower EFS(1)

(1)Journal of Clinical Oncology, 2006 ASCO Annual Meeting Proceedings 
Vol 24, No 18S (June 20 Supplement), 2006: 524



• Diet
• Exercise
• Avoidance of exogenous IGF-1 or GH
• Caution with some “anti-aging” protocols that 

raise GH



IGF-I and Natural Agents that block downstream signals of 
growth, survival and metastasis

Adhami V M et al. Clin Cancer Res 2006;12:5611-5614
©2006 by American Association for Cancer Research



Natural agents that block/ lower IGF-1
• green tea polyphenol (GTP in pathway) 
• lycopene 
• curcumin
• silibinin 
• apigenin
• resveratrol 
• genistein
• Retinoic acid increases BP-3 (the 

predominant BP)
• 1,25(OH)2D3  increases BP-3
• Melatonin



Estrogens and their metabolites

• Goal: Inc. 2 and 
decrease 16 metabolites

• Avoid exogenous Est’s
• Fish oil
• Flax seeds
• I3C/ DIM
• Isoflavones (?)
• Weight loss
• Exercise
• Rosemary
• Turmeric





Estrogenomics-

• Tests for the presence of SNP’s in metabolic 
pathways of estrogen metabolism

• Inflammatory markers
• Vitamin D receptor
• Coagulation



Estrogenomics
Estrogen Metabolism
• CYP1A1 • CYP1B1
• GST (M1 and P1) 
• COMT (catechol-O-methyl 

transferase)

HyperCoagulation
• GP3a (Glycoprotein 3) 
• PAI-1 (Plasminogen 
activator inhibitor-1)
• Factor 2 (Prothrombin) 
• Factor 5 (Leiden)

Cardiovascular
• Apo E (Apoliprotein E) 
• MTHFR
• TNF-α • IL-6

Osteoporosis
• VDR • COL1A1
• TNF-α • IL-6



SNPs and 
Tamoxifen 

metabolism

Anti-estrogenic 
effects

Women with SNP in 
CYP2D6 who are poor 
metabolizers do not benefit 
from Tamoxifen and have a 
3.8x increased risk of 
recurrence

Tan, et al. Clin Cancer Res, 2008; 14(24).

Gratitude to Lise Alschuler, ND, FABNO for this 
slide



Should we test estrogens? 
Metabolites? SNP’s?

• Serum Estradiol, SHBG, testosterone
– Salivary testing?

• 2/16 metabolite testing
– Yes: in patients not taking aromatase inhibitors
– Measure baseline when patient is living a lifestyle 

they can permanently maintain

• Estrogenomics



Vascular Endothelial Growth Factor



Vascular Endothelial Growth Factor

• VEGF is expressed in the majority of invasive 
ductal carcinoma’s, regardless of stage/ grade/ 
histology

• VEGF expression in tumor tissue is strongly 
associated with high microvascular density 
(poorer prognosis)

• Over-expression of VEGF in cancer cells 
correlates with poor prognosis in breast cancer

• 50,000 x more powerful than histamine at 
increasing capillary permeability



                             Fibrinogen/ fibrin  
and angiogenesis

• D-dimers and Fibrinogen 
correlated with extent of 
breast cancer, progression 
rate and survival (British 
Journal of Cancer (2002) 86, 
389–395.

• Ultimately, lowering VEGF 
is goal

• Lower Fibrinogen with: 
– Curcumin
– Garlic



VEGF- expressed throughout growth



Angelo L S, Kurzrock R Clin Cancer Res 2007;
13:2825-2830

©2007 by American Association for Cancer Research



Circulating VEGF and IL-6
• No significant difference in levels of serum 

VEGF or platelet derived VEGF, in 
normal(n=26) vs. local(n=31) vs. metastatic 
(n=73)breast cancers. 

• Serum levels of IL-6 were 10 times higher in women 
with distant metastasis compared to locoregional 
disease.
– (Clin Breast Cancer. 2002 Jan;2(4):311-5. Serum interleukin 

6,  EGF, serum VEGF, and VEGF platelet load in breast 
cancer patients)



Interleukin-6

• Serum and plasma concentrations of VEGF 
and serum concentration of IL-6 were 
measured in 87 patients with a fully 
documented history of hormone-refractory 
metastatic breast cancer…

• The presence of high levels of serum IL-6, but 
not VEGF, was significantly correlated with 
shorter survival.

Bachelot et al. Br J Cancer, 2003



VEGF levels not correlated to survival

• plasma or serum 
VEGF not correlated 
with survival in 
metastatic breast 
cancer patients

However, where there’s 
VEGF, there’s IL-6…



Bachelot et al. Br J Cancer, 2003

Interleukin-6



IL-6

• Il-6 expression of tumors of women with early 
stage carcinomas correlated with low grade, 
ER+ status and better prognosis

• IL-6 upregulates aromatase in malignant 
tissue

• Inhibits apoptosis 
• Promotes osteoclast formation and inhibits 

dendritic cell differentiation



Should we test IL-6?

• As with all testing that renders prognostic 
information, the clinical benefit is weighed 
against the possible psychological risk.



Natural Agents that inhibit VEGF

• Alliin
• Caffeic acid
• Capsaicin
• Curcumin
• Diallyl disulfide, diallyl sulfide
• Gingerol, perillyl alcohol (D-limonene)
• Phytic acid
• rosmarinic acid 
• sulforaphane



Herbs that decrease VEGF

Sagar et al. Curr Oncology,  2006;13(1) 



Natural Agents that inhibit IL-6 

• Resveratrol– 300-500 mg transresveratrol qd
• Green Tea-- 
• Luteolin—celery, parsley, tomatoes, 
• Apigenin- food derived
• Curcumin-- 

• Shifting to immune balance from Th2 to Th1
– Trametes
– Ganoderma
– Agaricus



Monocytes/ Macrophages



Angelo L S, Kurzrock R Clin Cancer Res 2007;
13:2825-2830

©2007 by American Association for Cancer Research



Think NF KappaB and Cox-2 inhibitors to dampen many of the proliferative, angiogenic, 
metastatic and cachexic pathways all at once. 



C Reactive Protein

• “CRP may be important prognostic markers for long-
term survival in breast cancer patients, independent of 
race, tumor stage, and body mass index.”
– Higher CRP correlated with reduced DFS

• (Pierce BL, Elevated biomarkers of inflammation are associated with reduced survival among breast 
cancer patients. J Clin Oncol. 2009 Jul 20;27(21):3437-44. Epub 2009 May 26.)

• CRP measured in Br Ca patients (NED) at 31 months
– Positively correlated with BMI, smoking, waist circumference, 

age, less physical activity
– Negatively correlated with Vitamin E and Tamoxifen use

• Pierce BL. Cancer Res Treat. 2009 Mar;114(1):155-67. Epub 2008 Apr 10.



Above image from:  Cancer is a Preventable Disease that Requires Major Lifestyle 
Changes. Pharmaceutical Research Volume 25, Number 9 / September, 2008 

http://www.springerlink.com/content/t50814807763/?p=33228077e5284ce7980035dca909313a&pi=0


Arch Intern Med 2006;166:1756-1762



Mol Cancer Ther Nov 2007;6(11)

EGCG
Curcumin
I3C
Genestein



P53 tumor suppressor 



Serum anti-p53 antibodies are 
correlated with decreased survival 
in cancer patients. 
Muller. Int J Oncology 2006

GOF= Gain of Function
LOF= Loss of Function

Could p53 be used to help 
determine therapy?:
206 node neg patients.
31 pts had mutant p53 (tumor 
tissue) Radiation tx sig increased  
EFS in pts with mutant p53 but 
not wild type
J Clin Oncol. 1995 
Nov;13(11):2745-51.
 

Vitamin D (1,25) Vitamin E, Genestein
Inducers of Apoptosis indepent of p53:



Apoptotic agents

• Flavonoids: luteolin, genistein, naringenin, 
apigenin and diazein

• Garlic
• Resveratrol
• Curcumin



Homocysteine

Silencing of CpG Regions Hypo/ hypermethylation

• Some SNP’s in in MTHFR gene 
confer greater risk for several 
cancers:
– Including breast

• Hypomethylation by a group of 
demethylases

• Hypermethylation through DNA 
methlytransferase
– Green tea inhibits this enzyme



The CoRN Reports…

• CoRN= CoQ10 (100mg), Riboflavin (10mg), Niacin 
(50mg)

– Reduced CEA and 15-3
– Decrease  in serum IL-1beta,  IL-6, IL-8, TNF-alpha and 

VEGF
– Counteracts TAM induced hyperlipidemia
– Increased antioxidant status while decreasing lipid 

peroxide levels



Tests to do with your patients

• Vitamin D (25-dihydroxycholecalciferol)
• C- Reactive Protein 
• Hemoglobin A1C, C-peptide, insulin
• 2/16 hydroxyestrone metabolites
• Homocysteine
• Estrogenomics (?)
• IgG food allergies (will affect inflammation…)
•  IL-6(?) or VEGF?– more well established for 

patients with stage III or IV



The future?

• Proteomics looks at 
protein patterns in 
the blood.  Patterns 
unique to certain 
diseases emerge and 
may predict the 
presence of disease 
long before imaging.



On the fringe…

• Worthy of noting for their potential, but clinical 
utility not yet known:

• All tests mentioned, but not yet recommended 
by ASCO (earlier slide)

• Mammoglobin= unique protein + in 72% of br ca 
pts

• Autoantibodies to c-myc, p53, MUC1 (1/8/2010; 
http://etheses.nottingham.ac.uk/876/



Websites for more info

• VEGF:  Researchvegf.com
• Oncotypedx.com– click on “clinical summary”
• Oncologystat.com
• Medscape
• Cellsignalling.com-- pathways 


