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1. Introduction to Molecular Cancer Diagnostics 

Almost all human cells contain molecules called DNA (deoxyribonucleic acid). The DNA is 

harboring the hereditary information, the genes. The genes are controlling processes like 

growth, cell division, and programmed cell death (apoptosis). In tumors, the cells became 

abnormal by damages and alterations of the DNA, which results in uncontrolled growth and 

cell proliferation. These alterations are usually complex and manifold.  

Initially, the tumor cells divide locally defined. But when the tumor gets larger and acquires 

further genetic alterations, the tumor may grow invasive beyond the local boundary and 

become metastatic. 

 

During the process of metastasis, the primary tumor is shedding cancer cells into the 

lymphatic system and bloodstream. Thereby, the cancer cells are disseminated to distant 

body sites, where metastases can emerge. 

Modern techniques of molecular biology allowed the identification of numerous genetic 

alterations responsible for the emergence of cancer. This knowledge can be used for the 

detection of tumor cells for diagnostic purposes. Consequently, many molecular markers are 

available for the detection of circulating tumor cells in the bloodstream.  

Biofocus selects from a large panel those combinations of analytic markers which are fitting 

best to each specific case and type of tumor.  Because carcinomas are of epithelial origin 
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and epithelial cells are normally absent in blood, genes active in epithelial cells can be used 

for detection of circulating carcinoma cells. In this context, the cytokeratin genes (e.g. CK19, 

CK20) are suitable markers for many carcinomas. Depending of the origin of the tumor, 

genes coding for specific organ functions can be measured in blood. For example, the 

detection of cells expressing the prostate specific antigen (PSA) are indicative for circulating 

prostate carcinoma cells. 

Typical cancerous aberrations are mutations in oncogenes (e.g. K-ras), allelic losses (i.e. 

LOH) or overexpression of particular genes (e.g. erbb2, c-myc). Genes are known to be silent 

in normal differentiated tissues but to be re-activated in malignant cells (e.g. telomerase, 

G250). On the other hand, so called tumor suppressor genes keeping cell proliferation under 

control in normal tissues are almost always inactivated in tumors. Inactivation happens by 

mutation, genetic loss or by promotor hypermethylation.  

Determination of resistance factors and metabolic properties of the tumor cells can provide 

important information for selection of an appropriate therapy. For many anti-cancer drugs 

metabolic enzymes are known whose differential expression in tumor cells may influence the 

effect of therapy.  

So called “targeted drugs” can be accurately directed against specific target molecules (e.g. 

Herceptin, Erlotinib or Sutent). A therapy with theses specific inhibitors appears rational only 

if the molecular targets are present in the tumor cells. We use genetic analysis if these 

molecular drug targets are expressed in the isolated tumor cells and a therapy with these 

potent drugs is rational.  

 

2. Principles of Biofocus’ Services 

The discovery of specific genetic alterations in malignant tumors has opened up new 

directions in cancer medicine. Knowledge about function of oncogenes and tumor proteins 

has fundamentally contributed to the understanding of the molecular and cellular principles 

of malignant growth. Based on these principles, molecular analyses of genes involved in 

emergence and progression of human cancers are performed in our laboratory.  

It is possible to isolate tumor cells from the peripheral blood of patients. By genetic 

characterization of these so called circulating tumor cells (CTCs), high-risk and low-risk 

patients can be identified. Moreover, drug resistance factors can be measured in the CTCs  

which provide important information for setting up an optimized, personalized therapy. This 

may influence decisions about: 

� early initiation of therapy or supportive treatment 

� targeted, patient specific therapy 

� identification of drug resistance 

Biofocus has over 10 years experience in molecular analysis of CTCs and has characterized 

over 10000 tumor samples. Our services for the molecular detection of CTCs in the blood 

stream allows the identification of cancer patients probably at higher risk of relapse and 

metastasis. These patients may benefit from additional adjuvant therapies. We use special 

techniques to isolate CTCs from peripheral blood.  
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For determination what therapies are most likely effective, we provide molecular analyses for 

the expression of drug targets and chemo-resistance markers in the tumor cells. We perform 

these analyses usually from a blood sample, but according to specific demands, testing of  

tumor tissues or tumor cells obtained from ascites or aspirates can be used as well. 

  

Testing from blood or from tumor tissue?  

For individualized treatment, testing of CTCs is potentially significant not only due to 

inherent deficiencies of access to tumor tissues. After surgical removal of the primary tumor, 

adjuvant chemotherapy may be administered to eliminate residual tumor cells or to keep 

them in check. Therefore, it seems more relevant to analyze the residual cells for 

chemoresistance than focusing of the primary tumor, which is no longer present in the body. 

Moreover, tumor cells are often released very early from the primary tumor into the blood, 

prior to surgery. These scattered cells may be genetically distinct to the majority of the cells 

of the primary tumor mass. Whereas the majority of cells from the primary tumor cannot give 

raise to metastasis, only those cells which survive after gaining access to the circulation are 

potentially dangerous in formation of metastases. Thus, controlling these cells is essential to 

avoid that the disease becomes live-threatening. 

In principle, we can test either from tissue or from blood. Most of our analyses are done from 

blood. But tissue testing may be also appropriate if the chemotherapy is intended to shrink 

the tumor mass making it amenable for surgery (neo-adjuvant therapy). 
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3. Overview of assays and required specimens  

Test 1 Molecular Detection of Circulating Tumor Cells (CTCs) 

By this assay, we only check if CTCs are present in the blood sample. Further assays like 

chemosensitivity testing or testing for use of alternative agents could be done afterwards 

without sending a new specimen.  

Specimen required: 20 ml heparinized blood. Appropriate blood shipment kits at: 

www.cameronpackaging.com 

Turn-around time: 10 working days  

Test 1.1 /1.2 Chemoresistance testing of CTCs 

If CTCs are detected, molecular markers for drug resistance and drug targets are analyzed by 

genetic profiling. The testing allows an estimation, which drugs are more appropriate or less 

useful for therapy. 

Test 1.1 focuses on most relevant chemo-drugs only. 

Test 1.2 Markers for all chemotherapeutic drugs as well as alternative agents are analyzed.  

Specimen required: 20 ml heparinized blood.  see: www.cameronpackaging.com 

Turn-around time: 10 working days  

Test 1.3 testing for use of alternative agents  

This assay is a subset of the test 1.2. CTCs in the blood are analyzed for drug targets for 

alternative agents but not for chemotherapeutic drugs. 

Specimen required: 20 ml heparinized blood.  see: www.cameronpackaging.com 

Turn-around time: 10 working days  

Test 1.4 testing for hypermethylation genotype 

Testing CTCs for possible anti-methylation therapies. 

Specimen required: 20 ml heparinized blood. see: www.cameronpackaging.com 

Turn-around time: 10 working days  

Test 1.5 testing for immune-modulating drugs PD-1 inhibtors 

Testing CTCs for immune-modulating therapies with PD-1 Inhibitors like Nivloumab 

Pembrozilumab. 

Specimen required: 20 ml heparinized blood. see: www.cameronpackaging.com 

Turn-around time: 10 working days  
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Tests 2, 3, 4 “liquid biopsy” testing for selected mutations  

The use of certain tumor specific drugs is determined by presence of distinct mutations. 

These mutations can be detected in blood, especially if no tissue sample is available. 

Moreover, secondary occurring mutations associated with treatment failure can be identified 

by monitoring blood samples of the patient. 

Specimen required: 10 ml heparinized blood. Appropriate blood shipment kits at: 

www.cameronpackaging.com 

Turn-around time: 5 working days  

 

Test 5 Immune function testing by the Cellular NK-Test 

The immune cells isolated from a patients’ blood sample are tested how efficiently tumor 

cells are destroyed.  Immune-stimulation additives can be used in the assay to check if the 

efficacy of tumor cell lysis could be enhanced. 

Specimen required: 30 ml freshly drawn heparinized blood in addition to test 1 (1.x) (50 ml in 

total if requested together with one of tests 1 or 1.1 – 1.5) 

Turn-around time: 5 working days  

 

What types of tumors can be tested? 

The testing is most feasible with any kind of carcinoma (e.g. lung, colon, breast, ovary, 

cervix, prostate, stomach, gastric, esophagus, liver...),    mesothelioma or melanoma.  

It is also possible to test for soft tissue sarcomas, (e.g. synovial sarcoma, liposarcoma, 

leiomyosarcoma, chondrosarcoma, etc) However sarcomas gave lower success rates for 

isolation of tumor cells (<50 %) compared to carcinomas. In case for tumors of the central 

nervous system (especially glioblastoma), CTCs can be detected in about 60% of cases. For 

those kind of tumors which are usually negative for EpCAM (see chapter 4), we employ a 

filtration-based isolation technique (see above). 

Hematological cancers (e.g. Hodgkin (HL)- or Non-Hodgkin Lymphomas (NHL) B-cell 

lymphomas, myelogenous and lymphocytic leukemia) can be assayed as well. Please note 

that we cannot test for T-cell cancers at all. We observed lower detection rates in Multiple 

Myeloma than HL or NHL. 

Please see Appendix 1 for an overview of tumor types and relevant drugs we focus in the 

testing. For most common types of tumor, we offer basic and advanced panel testing. Basic 

testing is limited on most important chemo-drugs only, but is reasonably priced. 

Feel free to inquire for possible testing of tumors not listed in Appendix 1.  
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4. Isolation of Circulating Tumor Cells (CTCs) from 

the Bloodstream 

Tumor cells in blood originate from tissues which are different to normal blood cells. 

Dependent on the originating tissue, the tumor cells have characteristic molecules on their 

surface which are lacking on the blood cells. Antibodies coupled to magnetic particles can 

bind to those characteristic molecules. The tumor cells labeled with the antibodies can be 

selectively separated by magnetic force from the unlabeled blood cells. 

The most widely used antibodies for isolation of carcinoma cells from blood are directed 

against EpCAM, a surface molecule which is absent on blood cells but is expressed on 

almost all carcinoma cells. For some tumors which are EpCAM-negative (e.g. melanoma), 

other tissue-specific magnetically labeled antibodies are available. 

Biofocus mainly employs immunemagnetic methods for isolation of CTCs. For cancer types 

where immunemagnetic separation is not feasible (e.g. most soft tissue sarcomas not 

producing EpCAM), we use a filtration technique for enrichment of cancer cells from blood. 

This technique is based on size differences between blood cells and tumor cells. Tumor cells 

are usually larger than blood cells. Furthermore, disseminated cancer cells may occur in the 

bloodstream as clusters of several cells – so called micrometastases. Consequently, the 

smaller blood cells can be separated from larger carcinoma cells by filtration through a 

mesh. 

 

 

 

� Methods used by Biofocus for isolation of CTCs from blood samples. Immune magnetic separation is the most versatile 

technique for isaltion of CTCs. For tumors where immuno-based separation is not feasible, alternative methods like filtration 

are employed. Afterwards, the isolated cells can be further characterized by molecular analysis.  

 

CTC Isolationblood sample Molecular
Characterisation

Filtration

immunomagnetic

beads

Wash
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After the cells have been physically isolated from blood, the cells are analyzed by molecular 

genetic profiling to characterize these cells as cancerous cells or to estimate how the cells 

will respond to chemotherapy. 

 

 

5. Molecular Detection of Circulating Tumor Cells  

After the circulating tumor cells (CTCs) have been physically captured from the blood sample, 

the identification of these cells as cancerous cells is done by genetic analysis. We use 

quantitative real-time PCR (TaqMan) to measure the expression of genes which behave 

abnormally in cancer cells (e.g. the telomerase gene).  

Real-time-PCR is currently the most accurate technique for measuring gene-expression 

quantitatively. It provides a wide dynamic range and is quite sensitive, because it is based 

on PCR-amplification of the nucleic acids. Thus, it is the ideal technique when dealing with 

such minute amounts of specimen like circulating tumor cells, which are present in low 

quantity in the blood. The drawback of real-time-PCR is that each gene has to be measured 

separately, making it time-consuming and expensive when numerous genes have to be 

analyzed. Unfortunately, techniques which allow parallelized analysis of several genes at 

once, like microarray analysis did not show sufficient accuracy and sensitivity in our 

experience. Microarray analysis is inherently inaccurate and acceding to scientific 

excellence, each microarray experiment should be confirmed by real-time PCR. 

 

 

�  Measurement of differential expression of telomerase gene in CTCs isolated from blood samples of different patients. 

Sample corresponding to the dark green line showed the strongest expression of telomerase.  

 

stronger expression of telomerase 

weaker expression of telomerase 
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Specificity of detection of CTCs: 

For identification of the physically isolated cells as cancer cells, we usually employ four to 

five markers. On each sample. markers are chosen depending on the underlying type of 

tumor. We use rather universal markers of genes which may be upregulated in many different 

kinds tumors (like C-MYC, ERBB2 or telomerase) or tissue specific markers like PSA-mRNA 

(prostate cancer), G250 (renal cancer) or MART1 (melanoma), for example. 

We compared the detection of CTCs between patients with no known tumor and carcinoma 

patients (stage 3 – 4). Based on a four marker assay, in ca. 5 % of non-cancer patients, at 

least one marker showed up abnormally (mainly cytokeratin). In contrast, ca. 80% of cancer 

patients showed at least one upregulated marker. Abnormal expression of  more than one 

markers was almost never observed in non-cancer patients but still in 60% of cancer 

patients: 

 

 

�  Observation of positive detection markers of CTCs in tumor patients compared to non-tumor patients.  

 

Abnormal expression of molecular markers for detection of CTCs were observed significantly 

more frequently in carcinoma patients than in non-cancer patients, suggesting detection of 

CTCs in cancer patients is highly specific. 
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Detection rates of CTCs in different cancer types 

By average, our detection rates of CTCs in advanced stage carcinoma is ca. 80 %. The 

detection rates vary between the different types of tumors: 

 

�  Detection rates of CTCs in various advanced stage carcinoma.  

 

 

The detection rate of CTCs is excellent with any kind of carcinoma, melanoma and 

mesothelioma. We observed lower detection rates in renal clear cell carcinoma (~40 %). 

Chromophobe and papillary renal cancers work better, but these are the minority of renal 

cancers. 

 

Sarcomas and tumors of the central nervous system 

It is also possible to test for soft tissue sarcomas, (e.g. synovial sarcoma, liposarcoma, 

leiomyosarcoma, chondrosarcoma, etc) However sarcomas gave lower success rates for 

isolation of tumor cells (<50 %) compared to carcinomas. 

This is also the case for tumors of the central nervous system (e.g. glioblastoma) where CTCs 

can be detected in ca 60%. 
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6. Testing for Resistance of Tumor Cells to 

Chemotherapy  

Academic research has shown that the presence of tumor cells in the bloodstream is a risk-

factor for relapse and occurrence of metastases*. Such high-risk patients may profit from 

adjuvant therapies to prevent further progression of the disease.  

A fundamental treatment option for cancer is chemotherapy. For each type of tumor, different 

chemotherapy regimes (drugs or drug combinations) exist. The efficacy of these regimes is 

usually determined by clinical trials and those regimes showing statistically the best 

success-rates are classified the most effective. However, each individual patient may 

respond differently to therapy and it is a difficult task for the physician to choose the most 

appropriate from the available treatment regimes. Chemosensitivity testing can aid to select 

those drugs more likely to be effective than others for an individual patient. 

Biofocus’ chemosensitivity testing is based on    genetic profiling    of drug-metabolizing genes 

and cellular drug-target genes in isolated tumor cells from blood samples. See the glossary 

at the end of this brochure for a list of genes we consider in our testing. The expression of 

these genes is determined by the accurate technique real-time quantitative PCR. An 

advantage of this strategy is that the tumor cells must not be grown or subcultured in the lab 

prior testing. It is well know that the properties of tumor cells may change quickly during 

propagation in the lab and may no longer reflect the situation in vivo.  

From the academic literature it is known that the expression of drug metabolizing genes in 

tumor cells is influencing the action of the drug*1,2. Some drugs act directly on specific 

cellular molecules, so called drug targets. An effective response of such drugs requires the 

presence of the drug targets in the cells, which we can assess by measuring the gene 

expression of the drug target gene. 

Several chemo-drugs (e.g. cyclophosphamide, capecitabine, irinotecan, dacarbazine) are 

virtually inactive in its parent form and need prior activation in the body, e.g. by liver 

enzymes. Such drugs are rather problematic to test ex-vivo on tumor tissues with the widely 

used cell-viability chemosensitivity assays. In contrast, chemosensitivity testing by our 

genetic profiling does not depend on prior activation of the test drugs by liver enzymes. 

The aim of adjuvant therapies is the elimination of residual cancer cells (micrometastases) 

which are responsible for relapse or metastasis after the primary tumor has been removed. 

Our philosophy is therefore to use isolated micrometastases for the resistance analyses, 

since these residual tumor cells should be actually targeted by the therapy. It is well known 

from the literature that tumor tissue is quite heterogeneous. Tumors do not consist of 

identical cancer cells, but are rather composed of groups of cells which may differ in regard 

of their genetic alterations. The cells shed in the blood stream forming micrometastases may 

therefore not be genetically identical with the average primary tumor, which has recently 

been proven by academic work*3.  

Therefore, a targeted therapy against the disseminated cancer cells may be a more 

appropriate way to prevent the emergence of relapse and metastases.  
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Mechanisms of drug resistance and susceptibility 

Tumors may become resistant to chemotherapy drugs by various mechanisms. 

Consequently, efficacy of treatment with chemotherapy is reduced in such resistant tumor 

cells. 

 

 

 
�  cellular mechanisms involved in drug resistance. 

 

 

Even though tumor cells may be drug resistant prior to any treatment (a priori resistance), 

induction of resistance functions is frequently observed in tumor cells after exposure to 

chemotherapy drugs. The action of drugs can be reduced by activation of repair functions 

(e.g. ERCC1 after treatment with platinum compounds) or increase of detoxifying functions 

(e.g. GST, GCS).    

Other drugs need metabolic activation within the tumor cells by enzymatic functions. A 

reduced expression of these enzymes in the tumor cells may lead to diminished sensitivity to 

those drugs. 

Some tumors respond better to certain drugs if the cellular molecules which are inhibited by 

these drugs are increased (overexpressed) in the tumor cells. Such molecules are called 

drug-targets. The main drug-target for anthracycline drugs (e.g. doxorubicine) is 

topoisomerase II. Tumors with higher level of topoisomerase II generally show better 

sensitivity to anthracyclines. The tumor cells may become less sensitive to such drugs if the 

drug target genes are downregulated or lost. 

Her2 (ERBB2) is the drug-target for Herceptin, an antibody specifically directed against 

ERBB2. Besides breast cancer, Her2 can be detected in many different types of malignancies. 

Usually, effective treatment of breast cancer with Herceptin requires overexpression of Her2 

in the tumor cells, which can be determined by genetic testing. Discordance of Her2 status 

between primary tumor and metastases can occur by acquiring Her2 activation during tumor 

progression. In breast cancer patients, circulating tumor cells have shown to overexpress 
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Her2 despite Her2-negative primary tumor. Importantly, after such cases had been treated 

with Herceptin, clinical responses could have been achieved*4. 

Other means of drug resistance is reduced uptake or enhanced efflux of the drug in the 

tumor cells. Indeed, increased efflux by activation of efflux pump molecules like MDR1 or 

MPR are the most well known mechanisms of drug resistance to occur in tumor  cells. Since 

these efflux pumps can transport various drugs out of the cell, they can confer resistance to 

all these drugs at once. Hence, the tumor cells become multidrug resistant, which is a 

serious problem in chemotherapeutic treatment of cancer. 

We measured the upregulation of mutlidrug resistance conferring genes (MDR, MPR, 

GST/GCS) in circulating tumor cells of cancer patients who not received chemotherapy and 

compared to patients after treatment with chemotherapy. Expression of multidrug resistance 

genes was more frequently observed in pre-treated patients compared to untreated patients: 

 

�  Increased expression of genes conferring multidrug resistance in CTCs of patients already treated with chemotherapy 

compared to non-treated patients. 

 

By genetic testing, those tumors expressing multidrug resistance genes can be identified 

and other drugs not affected by the multidrug resistance genes can be suggested. 

The treatment success of our clinical partners, who guide therapies according to our 

analytical findings demonstrated clinical value of our testing. Evidence from the academic 

literature is supporting the principles of our testing strategy 5. 

Beside the metabolic properties of the tumor cells, there are several factors why the 

chemosensitivity test cannot always predict that the tumor will respond as supposed by the 

results of our analyses: 

� The systemically administered drug must reach all the tumor cells 

� Subsets of disseminated tumor cells may be present which behave differently 

� Some cells may have yet unknown genetic mechanisms which render them resistant. 

� During therapy, tumor cells accumulate further mutations which may result in the 

selection of resistant clones. 
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Consequently, in vitro testing cannot always be 100% accurate. If no clinical response to a 

drug is observed despite the testing did not indicate resistance, genetic factors might be 

involved we did not consider during testing. Although we focus on the most important 

genetic factors associated with drug resistance, there exists still the possibility that 

alternative metabolic pathways are involved which may also reduce the susceptibility of the 

tumor cell to a drug. That’s the reason why our testing is more accurate in predicting drug 

failure than drug response.  

On the other hand, clinical partners occasionally reported treatment efficacy despite the 

testing indicated resistance. This could be explained by concomitant treatment with 

alternative agents, which may be able to modulate drug resistance factors (see chapter 9 

“Treatment with Alternative Supplements”). 

In summary, the testing aids to choose drugs from the available therapy options that are 

more effective than others. If resistance markers show up,  the testing can aid to identify 

different drugs that may be more suitable.  

 
*supporting evidence from the academic literature: 
1 Adlard JW, et al.: Prediction of the response of colorectal cancer to systemic therapy. Lancet Oncol. 2002 Feb;3(2):75-82. 

Review.  
2 Holland-Frei Cancer Medicine 6th edition (April 2003): by Donald W., Md Kufe, Raphael E., Md Pollock, Ralph R., Md 

Weichselbaum, Robert C., Jr., Md Bast, Ted S., MD Gansler By BC Decker.  Section 12: Chemotherapeutic agents. 

 3 Schmidt-Kittler O, et al. From latent disseminated cells to overt metastasis: genetic analysis of systemic breast cancer 

progression. Proc Natl Acad Sci U S A. 2003 Jun 24;100(13):7737-42.  
4 Meng S, et al. HER-2 gene amplification can be acquired as breast cancer progresses. Proc Natl Acad Sci U S A. 2004 Jun 

22;101(25):9393-8. 
5Yu SR, et al.: Circulating tumor cells and individualized chemotherapy. Chinese Journal of Cancer 2009, 28. Issue 11, 96-

100. 

 

 

7. Testing for Immune Modulating Drugs (PD-L1 

expression) 

DrugsDrugsDrugsDrugs    targeting tumor immune environmenttargeting tumor immune environmenttargeting tumor immune environmenttargeting tumor immune environment::::    PDPDPDPD----1 Inhibitors Nivolumab/Pembrolizumab 1 Inhibitors Nivolumab/Pembrolizumab 1 Inhibitors Nivolumab/Pembrolizumab 1 Inhibitors Nivolumab/Pembrolizumab     

Tumors use multiple mechanisms to avoid recognition by the host immune system, 

including expression of the negative T-cell regulatory molecule PD-L1. 

PD-L1 is not expressed on normal epithelial tissues but is expressed on many cancers.  

Interaction of the  ligand PD-L1 on tumor cells with the  receptor PD-1 on immune system cells 

(T-cells) decreases T-cell proliferation, survival, and cytokine production and  may induce 

self-destruction (apoptosis) of the T-cells. 

This is a mechanism by which tumors exerts locally immunosuppressive effects,  avoiding 

recognition by the host immune system. 

PD-L1 expression by tumor cells and immune infiltrates varies by tumor type and was most 

abundant in melanoma, lung cancer (NSCLC)  and kidney cancer. Moreover, PD-L1 expression 

has also been observed in various other cancer types, like pancreatic cancer, ovarian cancer, 

gastric cancer, esophageal cancer,  hepatocellular carcinoma, breast cancer, mesothelioma, 

and various lymphomas. 
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Several PD-1 and PD-L1 antibodies have been developed, blocking these interactions and 

consequently subject the tumor cells to attack from cytotoxic T cells. Antibody based drugs 

NivolumaNivolumaNivolumaNivolumabbbb or PembrolizumabPembrolizumabPembrolizumabPembrolizumab have shown striking anti-tumor effects and are used in the 

clinic for treatment of lung cancer, melanoma, renal cancer, head & neck cancer or Hodgkin 

Lymphoma. 

Interestingly, studies have shown the extent of PD-L1 expression in tumor cells correlated 

with objective response to anti–PD-1 therapy and response rates are enhanced in the PD-L1 

expressing patient populations. 

Thus, measuring PD-L1 expression in CTCs may aid to identify such patients preferably 

responding to treatment with these drugs. 

 

 

8. Testing for Hypermethylation Genotype (anti-

methylation therapies) 

Abnormal DNA-methylation is a major event in tumor development. These epigenetic 

alterations may have an impact on aberrant gene expression in cancer cells. Dysregulation of 

epigenetic enzymes like HDAC1 (histone deacetylase 1) or DNMT1 (DNA-methyltransferase 1) 

has frequently been observed in human tumors and may be responsible for epigenetic 

alterations. Thus, epigenetic enzymes are potential therapeutic targets for anticancer 

therapies. 

 

DNMT Inhibitors 

Among the DNA methyltransferases (DNMTs) found in mammals, DNMT1 it is responsible for 

maintaining the DNA methylation pattern. The selective inhibition of DNMT1 may lead to 

demethylation and re-expression of silenced tumor suppressor genes. DNA 

methyltransferase inhibitors have reversed the growth of cancer cell lines and demonstrated 

antitumor effects in animal models, including prolongation of survival. Several agents have 

been employed clinically, e.g. azacitidine, decitabine, fazarabine and DHAC. These DNMT1-

inhibitors have been employed in numerous trials, and generally hematological 

malignancies have proven more responsive than solid cancers. 

 

HDAC Inhibitors 

Histone deacetylases (HDACs) are frequently overexpressed in human tumors, and 

knockdown of HDACs is sufficient to reduce tumor growth in vivo. These observations led to 

the development  of numerous inhibitors of HDAC, many of them are currently in some phase 

of clinical trials. A couple of HDAC inhibitors are already approved (e,g Panobinostat, 

Vorinostat), primarily for treatment of certain kinds of hematological malignancies. Some 

HDAC inhibitors have also shown efficacy against solid tumors in combination chemotherapy 

or radiation therapy. 
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Testing for HDAC1-/DNMT1 expression 

Overexpression of HDACs has been proposed in several cases as a negative prognostic 

marker, independently of tumor type and disease progression. The overexpression of HDACs 

is reported in many cancer types and is directly linked to accelerated cell proliferation and 

survival. Thus, determination of the levels of HDAC or DNMT in tumor cells may aid in 

stratification of patients having potential benefit from therapy with inhibitors of HDACs or 

DNMTs. 

 

9. Treatment with Alternative Supplements 

The concept of integrative medicine claims higher success rates if conventional anti-cancer 

therapy (e.g. chemotherapy) is combined with alternative treatment. Conventional therapy 

may be limited by toxicity or tumor resistance. Many agents from natural sources have 

shown to have anti-tumor activity. Moreover, some alternative agents are able to modulate 

the cellular enzymatic functions causative for chemotherapy resistance in the tumor cells, 

which could render the chemoresistant tumor cells again sensitive to chemotherapy.  

Drug-transporter molecules (e.g. MDR or MRP) may be induced in tumor cells by 

chemotherapy. As a consequence, increased efflux of drugs leads to multi-drug resistance of 

the tumor cells which is a serious problem in cancer treatment. Natural agents like CurcuminCurcuminCurcuminCurcumin 

or Haelan 951 Haelan 951 Haelan 951 Haelan 951 (fermented soy-extract) are known modulators of MDR. Hence, there is a 

possible benefit of using these agents along with chemotherapy of tumors showing the MDR-

phenotype. 

Another mechanism for multidrug resistance is induction of conjugating enzymes leading to 

increased detoxification of the chemo-drugs. In this context, elevated expression of GST/GCS 

in tumor cells may be involved. Ellagic acidEllagic acidEllagic acidEllagic acid, an inhibitor of GST may here used to modulate 

GST-related resistance. 

Heat-shock proteins (HSP) may render tumor cells thermo-resistant (see below “Testing to 

Hyperthermia”) and resistant to some chemo-drugs. QuercetinQuercetinQuercetinQuercetin is an inhibitor of the heat-

shock protein HSP27 and may be used for treatment if tumors show high levels of HSP27.  

For many natural anti-cancer agents, mechanisms of action have been described and genetic 

testing can provide useful advise for appropriate application. Beside the conventional drugs 

of chemotherapy, alternative agents are also useful in treatment of cancer. Those alternative 

agents may have anti-cancer activity by directly killing tumor cells, e.g. by induction of 

apoptosis (programmed cell death). Certain alternative agents are reported to modulate 

cellular functions conferring chemo-resistance to the tumor cells. In such cases, supportive 

therapy with appropriate alternative agents may have synergistic action with conventional 

chemotherapy. 

Our testing determines which alternative agents are likely to be effective or which may be of 

beneficial use. 
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The testing for alternative agents covers the following treatments: 

Agent Functional Description 
IP6 (Inositol-6-
Phosphate) 

IP6 is an inhibitor of telomerase. Telomerase is often overproduced in tumor cells. 
A therapy with IP6 may  be considered if high levels of telomerase were measured in the 
tumor cells. 

C-statin C-statin is an angiogenesis-inhibitor. Angiogenesis, i.e. the formation of new blood vessels 
in the tumor tissue is promoted by the factors bFGF and VEGF. 
Therapy with C-statin would be rational if tumor has high levels of bFGF or VEGF. 

Dammarane 
sapogenins 

Dammarane sapogenins can arrest cancer cell growth and induce programmed cell death 
(apoptosis). 
Tumor cell may become resistant to multiple chemotherapy drugs by production of high 
levels of MDR. Dammarane can efficiently disable MDR which allows higher levels of 
chemotherapy drugs to accumulate in the cancer cells to enhance efficacy. Especially if high 
levels of MDR had been measured, a therapy with Dammarane may be considered. 

Acetogenin  
Graviola 
„GRAVIZON“ 

Acetogenin (an ingredient of the formulation Graviola) can inhibit MDR. Tumor cell may 
become resistant to multiple chemotherapy drugs by production of high levels of MDR. 

Haelan951 
fermented soy-
extract 

Haelan 951 can induce apoptosis and stop the growth of tumor cells 
Ingredients of Haelan 951 bind to estrogen-receptor (ER) beta, conducting growth inhibiting 
signals in the cell. 
Measuring the levels of ER-beta allows to estimate the efficacy of a therapy with Haelan 
951. Haelan 951 itself can also stimulate the production of ER-beta, raising the levels of ER-
beta in tumor cells. 
Moreover, Haelan 951 is a potent inhibitor of the multidrug resistance proteins MDR and 
MRP. If in tumor cells high levels of MRP or MDR had been measured, Haelan 951 may be 
used to disable these functions. 

Curcumin  
 
 

Curcumin can inhibit several functions which may be overproduced in tumor cells, like MDR, 
Cox2 or NF-kB (p65). 
If the levels of  these factors are elevated in the tumor cells, treatment with Curcumin could 
be especially helpful. 

Ellagic Acid Another function capable to induce multidrug resistance in cancer cells is GSTpi.  
If tumors produce high levels of GSTpi, the GST-inhibitor ellagic acid may be administered 
to counteract GST mediated drug resistance. 

Arglabin Arglabin can inhibit farnesyltransferase (FNTR), an important function for growth promoting 
signaling in tumor cells. If tumor cells show high levels of FNTR, Arglabin may be of especial 
use for therapy. 

Artemsinin and 
derivatives  
(Artensunate, 
Artemeter) 
 
„ARTEMIS“ 

Artemisinin and its derivatives can inhibit tumor growth.  
This anti-tumor effects are, at least in part, exerted by inhibition of angiogenesis. 
Moreover, Artemisinin derivatives are inhibitors of multidrug resistance inducing functions 
MRP and GST. 
Measurement of MRP, GST, and the angiogenesis factor bFGF are therefore rational  
parameters for deciding a therapy with Artemisinin. 

Amygdalin B17 
(Laetrile) 

Cyanide cleaved from Amygdalin B17 has cytotoxic action in tumor cells. The enzyme 
rhodanese inactivates cyanide. Overexpression of rhodanese may render tumor cells 
resistant to B17, whereas underexpression is associated with increased sensitivity. 

Vitamin C Vitamin C selectively kills cancer cells by catalyzing generation of hydrogen peroxide. The 
enzyme catalase aids in degradation of hydrogen peroxide. Consequently, cells with high 
levels of catalase are considered more resistant to Vitamin C treatment, whereas cells with 
low levels of catalase may be more sensitive.   

Indol-3-carbinol 
(I3C) 

I3C may inhibit cell cycle progression and induce apoptosis through inactivation of the NF-
kappa-B pathway. It reduces the anti-apoptotic Bcl2. 

Taurolidine Taurolidine induces apotosis by inhibiting Bcl2 and enhancing pro-apoptotic Bax 

Hyperthermia  Hyperthermia (heat therapy) has shown to enhance the efficacy of chemotherapy or 
radiation treatment. Hyperthermia is successfully used in combination of chemotherapy or 
radiation in the treatment of malignant tumors. 
A limiting factor for the efficiency of hyperthermia treatment is the induction of thermo-
resistance in the tumor cells. Responsible for thermo-resistance is the elevated expression 
of heat-shock proteins (HSP) in the tumor cells.  
By measuring the gene expression of HSP27, we can estimate the usability of hyperthermia. 
Hyperthermia is covered by the testing for chemosensitivity and alternative agents. 

Quercetin Quercetin is an inhibitor of heat shock proteins (HSP). HSPs can confer thermo- and 
chemoresistance to tumor cells. 
A therapy with Quercetin may  be considered if high HSP27 levels were measured in the 
tumor cells. 
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10. Mutation Detection by “Liquid Biopsy” 

Tumor cells frequently harbor characteristic mutations in chromosomal DNA which may have 

an  impact on drug selection for treatment. 

Sensitive techniques are available to detect these  mutations in blood samples. The mutated 

DNA may originate from dying tumor cells released as cell-free circulating  tumor DNA 

(ctDNA) into the blood stream. Another source are circulating tumor cells in the blood. 

Meanwhile, numerous studies have proven that mutations can be detected rapidly and 

accurately in blood samples. This allows online monitoring of treatment course, possible 

occurrence of additional mutations which may alter the initial treatment plan. Moreover, 

analysis of blood derived tumor DNA can be used for determination of mutational status in 

cases where no tissue sample is available. 

 

Advantage of Biofocus’ liquid biopsy testing 

Most labs offering similar testing employ techniques based on cell-free tumor DNA (ctDNA). 

Although this has proven to be relevant and accurate, it cannot be excluded that in certain 

cases the ctDNA gets degraded during transport to the lab. Therefore Biofocus uses DNA 

extracted from circulating tumor cells plus ctDNA from blood plasma. Biofocus currently offer 

assays for mutation detection in the following genes:  

 

EGFR  [for lung cancer (NSCLC)] 

EGFR-mutation testing is most relevant for non-small cell lung cancer (NSCLC). Patients with 

EGFR-mutated NSCLC are candidates for treatment with EGFR inhibitor gefitinib or erlotinib. 

Activating mutations in the epidermal growth factor receptor gene (EGFR) confer 

hypersensitivity to the tyrosine kinase inhibitors gefitinib and erlotinib in patients with 

advanced non–small-cell lung cancer. 

EGFR kinase domain mutations, 19Del(E746-A750) and L858R account for nearly 90% of the 

activating EGFR mutations in NSCLC and patients with these mutations may profit from 

therapy with EGFR-inhibitor. 

The T790M mutation can be detected as a "second-site mutation" in more than 50% of EGFR-

mutated lung cancers that have developed acquired resistance to erlotinib or gefitinib 

Interestingly, case reports of patients who develop the T790M mutation as a mechanism of 

acquired resistance to EGFR TKI therapy have shown that this resistance mutation can be lost 

after an EGFR TKI free period. These patients then responded to a re-challenge with EGFR TKI. 

Other reports have also shown that patients can re-respond to TKI treatment after a pause 

from targeted therapy. 
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Third generation EGFR TKIs represent a relatively new class of drugs which irreversibly inhibit 

mutant EGFR, including EGFR T790M, with much less activity against wild type EGFR. The 

third-generation EGFR TKIs, rociletinib and osimertinib, have demonstrated efficacy in 

patients with advanced EGFR-mutated NSCLC who have progressed on prior TKI therapy, 

including patients with EGFR T790M-mutated. 

 

Indications for EGFR-mutation testing with liquid biopsy: 

NSCLC, determination of candidate for EGFR-inhibitor therapy if no tissue / biopsy is 

available 

NSCLC, progression under EGFR-inhibitor therapy, check for resistance mutation T790M 

NSCLC, after pause from EGFR-inhibitor therapy due to resistance, check for loss or 

resistance mutation T790M 

 

 

K-RAS [for colorectal cancer] 

K-RAS-mutation testing is most relevant for colorectal cancer (CRC). Approximately 40% of 

colorectal cancers have K-RAS mutations. Activating mutations lead to constitutive signaling 

of the EGFR-pathway and promote cell survival and proliferation. Although present in may 

different types of cancer ( e.g. pancreatic carcinomas (>80%), lung carcinomas (30%), and to 

lesser extent in biliary tract malignancies, endometrial cancer, cervical cancer, bladder 

cancer, liver cancer, myeloid leukemia or breast cancer), testing for K-RAS mutations is 

basically useful in colorectal cancer, since the presence of K-RAS mutations in colorectal 

cancer indicates that the patient may not benefit from treatment from EGFR-antibody therapy 

(panitumumab, cetuximab).  

A main limitation of EGFR-antibody therapy  is the emergence of secondary drug resistance. 

After an initial response, secondary resistance invariably ensues, thereby limiting the clinical 

benefit of this drug. Point mutations of K-RAS are causally associated with the onset of 

acquired resistance to anti-EGFR treatment in colorectal cancers and can be found in 

metastases or blood, months before radiographic progression and suggest switching 

therapy. 

Activating mutations in colorectal cancer occur mainly (approx. 95%) in codons 12 or 13 of 

the K-RAS gene. Biofocus’ assay allows exclusion testing of codon 12/13 mutations and thus 

determination if patient may respond to anti-EGFR treatment.  

 

Indications for K-RAS-mutation testing with liquid biopsy: 

CRC, determination of candidate for EGFR-antibody therapy if no tissue / biopsy is available. 

CRC, progression under EGFR-antibody therapy, check for acquired K-RAS resistance 

mutation. 
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BRAF 

Melanoma 

Mutations in the BRAF gene are detected in 40–60% of melanoma cases. BRAF is a 

serine/threonine kinase  that  transduces regulatory signals from RAS through MEK to MAPK. 

The almost all mutations of the BRAF gene in melanoma occur within exon 15 codon 600. 

BRAF V600E is detected in approximately 80% to 90% of mutated cases, the second most 

occurring mutation is V600K (8%).  

Treatment options for melanoma has recently substantially improved after availability of 

BRAF kinase inhibitors Vemurafeni and Dabrafenib. Since BRAF V600E and V600K mutations 

are associated with increased sensitivity to these BRAF inhibitors, mutation testing is 

demanded before start of treatment. Response to treatment is usually reflected by dropping 

levels of mutated BRAF in blood, whereas an increase correlates with disease progression or 

drug resistance.  The ability to use quantification of mutated BRAF from blood  (liquid biopsy) 

means that patients can have their disease status monitored more frequently and quickly 

without the common risks associated with a biopsy. 

 

Colorectal cancer (CRC) 

Like mutations in K-RAS, also mutations in BRAF are associated with poor response to anti-

EGFR therapy (cetuximab, panitumumab). About 10% of patients with colorectal cancer 

harbor BRAF mutations (mainly V600E) , placing them at risk for poor treatment response 

and worse outcome. After initial response to anti-EGFR therapy of non-mutant tumors, 

development of acquired (secondary) resistance by mutations in K-RAS or BRAF lowers the 

clinical efficacy of EGFR targeted antibodies, typically not leading to a long lasting response. 

Thus, BRAF mutation assessment before initiation and during course of treatment with EGFR 

antibodies are important diagnostic procedures in colorectal cancer patients. 

 

 Indications for BRAF (V600E/V600K)-mutation testing with liquid biopsy: 

Melanoma, determination of candidate for  BRAF-inhibitor (Vemurafeni, Dabrafenib) therapy 

if no tissue / biopsy is available. 

Melanoma, monitoring response of BRAF-inhibitor therapy in melanomas already known to 

be BRAF V600E or V600K-positive. 

CRC, determination of candidate for EGFR-antibody therapy if no tissue / biopsy is available 

CRC, progression under EGFR-antibody therapy, check for acquired BRAF resistance mutation 

 

Used Technology for ‘liquid biopsy’ 

For mutation analysis in genes EGFR, BRAF and K-RAS, Biofocus uses sensitive real-time PCR 

based, mutation specific assays. These assays allow specific amplification of mutated DNA 

by use of CAST-technology (Applied Biosystems) or PNA-mediated clamping. Sensitivities are 

usually in the range of 0,1% tumor cells. 
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11. Immune function testing by the Cellular NK-Test 

In addition to chemotherapeutic or hormonal therapies that are directed against the 

malignant cells, some alternative treatment options have the aim to stimulate the body’s 

immune cells and to augment the immune system in attacking the tumor. Several immuno-

activating agents are widely in use, e.g.: 

� Botanicals, e.g. Mistletoe (Iscador, Lektinol, Helixor, Abnoba Fraxini), Carnivora 

� Thymus extracts, e.g. Thymorell 

� Liver-Spleen Extract  e.g. Factor AF2 

� Cytokines e.g. interleukin 2 

All these agents have a potent propensity to stimulate and activate Natural Killer (NK) cells.  

NK-cells belong to the lymphocytes and play a very important role in the early defense of the 

immune system against viruses, bacteria and tumor cells. Activation of the NK-cells is 

regulated by a subtle balance between positive and negative signals. Surface receptors on 

the NK-cells transmit either activating or inhibiting signals into the cell.  

In tumor patients, NK-cells are often diminished in numbers and restricted in functionality. 

The extent of this impaired immune function correlates with disease progression and time of 

survival. Enhancement of the immune function is therefore a important therapeutic goal.   

Determination of the mere number of NK cells is not sufficient to assess the functionality of 

the immune defense system.  An in vitro assay  has been established in our lab to measure 

the capability of a patient’s immune cells to destroy tumor cells. Lymphocytes are isolated 

from a patients’ blood sample and incubated along with dye-labeled tumor-cells. Lysis of the 

tumor cells by the immune cells liberates the dye and can be quantified in the culture 

supernatant.  The amount of liberated dye reflects the actual, spontaneous NK-cell activity 

(see Figure below).  Beside the determination of the spontaneous NK-cell activity, we can 

determine if the immune cells are susceptible to stimulation by immuno-activation therapy. 

The percentage increase of tumor cell lysis compared to the spontaneous NK-cell activity is a 

degree of capability of the NK-cells to be activated. This allows the estimation how promising 

a immune-stimulation therapy will be. During the course of such a therapy, treatment 

success could thereby be monitored with the assay. 
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Principle of the Cellular NKPrinciple of the Cellular NKPrinciple of the Cellular NKPrinciple of the Cellular NK----TestTestTestTest::::    

 

Tumor Cell

Dye

Immune Cell

Tumor cells are 
stained by 
uptake of dye

Patients 
immune cells 
may attack 
tumor cells

Dye is released 
from destroyed 
tumor cells and 
quantified in 
supernatant

 
 
 

Agents which can be tested in the Cellular NK-Test: 

Routinely, we test for thymus extract, two mistletoe extracts and Factor AF2. The number of 

testable agents depends on the WBC count. Cellular NK-testing is established in our 

laboratory for the following NK-cell stimulative agents: 

Agent Included in the assay 
Thymus-extract routinely 
Iscador* mistletoe-extract  routinely 
Fraxini mistletoe-extract routinely 
Helixor mistletoe-extract routinely 
Lektinol mistletoe-extract upon request 
Liver-spleen extract (Factor AF2) upon request 
Carnivora upon request 
*we choose Iscador M, Qu, or P depending on tumor type 
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12. Appendix 1: Coverage of drugs in basic and 

advanced panel testing  

For the most types of tumors listed in this schedule, we offer basic and advanced panel 

testing. Drugs listed in bold are recommended (approved) for treatment, the other ones may 

have shown efficacy in certain cases in trials. 

Basic panel testing 
The basic panel focuses on the most important chemo drugs only. Testing is reasonably 

priced and might be sufficient especially for chemotherapy-naive patients. 

Advanced panel testing 
This covers approved drugs as well as those drugs of which efficacy has been documented in 

scientific reports or clinical trials. Advanced testing may be needed for extensively 

pretreated patients. Moreover, for tumors with limited number of available approved drugs 

or tumors not listed in the subsequent schedule, we recommend advanced panel testing.  

The advanced panel not only focuses on chemotherapy drugs but also on alternative agents 

/ complementary supplements (see Chapter 9). 

 
Cancer Type Basic panel Advanced panel 
Ovarian CA Cis-/Carboplatin  

Taxanes 
Avastin 
Topotecan 
 
 

Doxorubicin 
Yondelis 
Cyclo/Ifosphamid/Melphalan 
Treosulfan 
5-FU/Capecitabin 
Vinorelbine 
Gemcitabine 
Herceptin 
Sorafenib 
Pemetrexed 
Olaparib (if BRCA mutated) 

Cervical CA Cis-/Carboplatin  
5-FU/Capecitabin 
Taxanes 
Avastin 
 
 

Topotecan  
Gemcitabine  
Ifosphamid 
Pemetrexed 
Mitomycin 
Vinorelbine 

Endometrial CA 
Uterine CA 
 
 

Cisplatin 
Doxorubicin/Etoposid 
Paclitaxel 
Topotecan  
Avastin  
Cyclophosphamid 
(Carcinosarkoma) 
 
hormone receptor positive 
progestin  
(hydroxyprogesterone) 
Tamoxifen 
Aromatase-Inhib. 

5-FU 
Methotrexate 
Sorafenib 
Vinorelbine 
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Prostate Cancer Hormone refractory: 

Docetaxel/ Cabazitaxel (MDR 
unabh.) 
Mitoxantrone 
 
Hormone responsive 
luteinizing hormone-rel 
agonists  
e,g, Zoladex, Leuprolide 
Androgens-rezeptor inhibitor  
e.g. Casodex, flutamid, 
Enzalutamide  

Carboplatin 
Gemcitabine  
Capecitabin 
Trabectedin 
Sorafenib (+chemo) 
Cyclophosphamid 
 

Breast Cancer hormone receptor negative 
Cyclophposphamide 
Doxorubicin  
Paclitaxel  
Herceptin  
Gemcitabine 
Vinorelbine 
 
hormone receptor positive 
Tamoxifen 
Aromatase Inhibitors 

Methotrexate  
5-FU/Capecitabin 
Lapatinib 
Everolimus (her2 neg) 
Avastin 
Pemetrexed  
Mitomycin 
Cisplatin (triple neg) 
Sunitinib  
Irinotecan 

Colorectal 
Cancer 

5-FU / Capecitabin 
Oxaliplatin 
Avastin 
 
 
 

Irinotecan 
Pemetrexed 
Methotrexate  
Gemcitabine 
Mitomycin 
Sorafenib 
Lapatinib/Trastuzumab  
Cetuximab/Panitumumab (check K-ras)* 

Anal Cancer 5-FU / Capecitabin 
Cisplatin 
Mitomycin 
 
 
 
 

Irinotecan 
Paclitaxel 
Methotrexate 
Vincristine 
Doxorubicin  
Gemcitabine 
Avastin 
Cetuximab / Panitumumab (check K-ras)* 

Esophageal CA Paclitaxel  
Cis-/Carboplatin  
5-FU / Capecitabin 
Herceptin 

Irinotecan 
Doxo-/Epirubicin 
Avastin 
Pemetrexed 
Mitomycin 
Vinorelbine 
Irinotecan 
Ifosphamide 

Gastric 
Stomach  
Small Intestine 

5-FU / Capecitabin 
Paclitaxel 
Cis-/Carboplatin 
Herceptin 
 
 
 

Irinotecan 
Doxo-/Epirubicin 
Mitomycin 
Avastin  
Gemcitabine 
Vinorelbine 
Ifosphamide 
Pemetrexed 
Everolimus 
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Gallbladder 
(Cholangio) CA 
 

Cis-/Carboplatin 
Gemcitabine 
5-FU/Capecitabin 
 
 
 
 

Herceptin 
Paclitaxel 
Irinotecan 
Doxo-/Epirubicin 
Mitomycin 
Avastin  
Erlotinib 
Cetuximab / Panitumumab  
Everolimus 

Pancreatic CA 
adeno  

5-FU 
Irinotecan 
Oxaliplatin 
Paclitaxel     
 

Gemcitabin  
Erlotinib / Cetuximab 
Herceptin 
Pemetrexed 
Sorafenib 

NSCLC 
Lung CA non-small 
cell 

Cis-/Carboplatin 
Vinorelbine/Vinblastine  
Paclitaxel/Docetaxel 
Etoposide 
 

Irinotecan 
Gemcitabine 
Pemetrexed (non-SCC) 
Avastin (adeno) 
Ifosphamide 
Mitomycin 
Sutent 
5-FU/Xeloda 
Temozolomid (brain mets) 
Everolimus 
Erlotinib (EGFR-mut)* 
Nivolumab (PD-L1)* 

SCLC 
Lung CA small cell 

Cis-/Carboplatin 
Etoposide 
Irinotecan 
Cyclophosphamide  
Vincristine 

Paclitaxel/Docetaxel 
Temozolomid  
Gemcitabine 
Nivolumab (PD-L1)* 
Avastin 

Mesothelioma Cis-/Carboplatin 
Pemetrexed  
Gemcitabine  
 
 

Vinorelbine 
Avastin 
Mitomycin 
Irinotecan 
Doxorubicin / Epirubicin 
Cyclophosphamide / Ifosphamid 

Head & Neck CA 
e.g. tonsillar, 
tongue, buccal, 
laryngeal 
oropharyngeal 
 

Cis-/Carboplatin 
Cetuximab  
5-FU/Capecitabin 
Paclitaxel/Docetaxel 
 

Doxorubicine 
Gemcitabine 
Vinorelbine 
Methotrexate 
Avastin 
Erlotinib 
Mitomycin 
Ifosphamide 
Pemetrexed 
Lapatinib 

Nasopharynx CA Cis-/Carboplatin 
5-FU/Capecitabin 
Paclitaxel/Docetaxel 
Gemcitabine 
 

Doxorubicine 
Vinorelbine 
Methotrexate 
Avastin 
Erlotinib 
Mitomycin 
Ifosphamide 
Pemetrexed 
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Bladder CA Cis-/Carboplatin 

Methotrexate 
Vinblastine 
Doxorubicin 
 
 
 

Gemcitabine 
Cyclophosphamide 
5-FU 
Pemetrexed 
Paclitaxel 
Irinotecan 
Herceptin,Lapatinib  
Sorafenib/ Sunitinib 

Renal cancer 
(kidney cancer) 

Sunitinib/Sorafenib/Pazopani
b 
Avastin 
IFN-a 
Everolimus 

5-FU 
Nivolumab 
Gemcitabine (sarcomatoid) 
Doxorubicin (sarcomatoid) 
Cisplatin 

Thymic CA 
Thymoma 

Cis-/Carboplatin 
Doxorubicin,Etoposid 
Cyclo/Ifosphamid 
Vincristin 
Paclitaxel 
Gemcitabine 

5-FU 
Pemetrexed 
Sunitinib  
Everolimus 
 

Thyroid CA 
papillary 
follicular 
medullary 
Hürthle 

advanced panel only 
recommended 
 

Sunitinib / Sorafenib 
Dacarbazine  
Doxorubicin, etoposide 
Bortezomib 
Cisplatin 
Vincrisitne 
5-FU/Xeloda 
Carmustine/Lomustine 
Methotrexate 

Hepatocellular 
cancer 
(liver cancer) 

advanced panel only 
recommended 
 
 
 
 
 
 
 
 
 

Sunitinib / Sorafenib 
Dacarbazine  
Doxorubicin, etoposide 
Bortezomib 
Cisplatin / Oxaliplatin 
Vincrisitne 
5-FU/Xeloda 
BCNU 
Methotrexate 
Gemcitabine 
Avastin 
Mitomycin 

Melanoma Interleukin 2 / Interferon a 
Dacarbazine 
Temozolomide 
Cisplatin 
Paclitaxel 
Vindesine/Vinblastine 
Carmustine/Lomustine 

Nivolumab (check PD-L1)* 
Dabrafenib/Vemurafenib (check bRAF)* 
Sorafenib/Imatinib 
Avastin 
 

Soft tissue 
sarcoma 
Liposarcoma 
Angiosarcoma 
Osteosarcoma 
Leiomyosarcoma 
Rhabdomyosarc. 
synovial sarcoma 

Doxorubicin, Etoposid 
Dacarbazine, Temozolomide 
Vincristin/Vinorelbine 
Cyclo-/Ifosfamid 
Trabectedin 
Cisplatin 
Docetaxel 

Pazopanib/Sorafenib 
Gemcitabine 
Methotrexate 
Topotecan 
Pemetrexed 
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GIST 
 

advanced panel only 
recommended 
 

Imatinib (Glivec) 
Sunitinib 
Pazopanib/Sorafenib 
Nilotinib, Dasatinib 
Oxaliplatin 
Avastin 
Doxorubicin 
Dacarbazine 
Ifosphamide 
Methotrexate 

Brain Cancer 
Astrocytoma 
Glioma 
Glioblastoma 
Ependymoma  
Medulloblastoma  

Carmustine / Lomustine / 
Nimustine  
Dacarbazine / Procarbazine  
Temozolomid 
Avastin  
Cis-/Carboplatin 
Cyclo-/Ifosfamid 

Irinotecan 
Vincrisitine 
Etoposide 
Nivolumab (check PD-L1)* 
 

Non Hodgkin L. 
diffuse large cell 
follicular 
lymphoplasmacytic 
(Waldenström) 
Mantle cell 
Burkitt L. 

Cyclo-/Ifosfamid  
Doxorubicine,Etoposid 
Mitoxantron (follicular) 
Vincrisitine/vinorelbine  
Carboplatin 
Gemcitabine  

Bortezomib (Waldenström, Mantle c.) 
Everolimus (Waldenström) 
Thalidomid Waldenström) 
Methotrexate 
 

Hodgkin L. Doxorubicine, Etoposid 
Vincrisitine/Vinblastine 
Dacarbazin, Carmustin 
Cyclo-/Ifosfamid, Melphalan 
Cytarabine, Gemcitabine 

Cis-/Carboplatin 
Everolimus 
Lenalidomide 
Methotrexate 
Bortezomib 

Multiple 
Myeloma 

Bortezomib 
Doxorubicine, Etoposid 
Lenalidomide/Thalidomide 
Cyclo-/Ifosfamid, Melphalan 
Vincrisitine/Vinblastine 
Interferon-a 

Sorafenib 
Cisplatin 
Gemcitabine 
Paclitaxel 
Carmustin 
Vironostat (check HDAC, DNMT)* 

ALL  
 

Cyclo-/Ifosfamid 
Doxo-, Daunorubicin / 
Etoposid 
Cytarabin 
Vincristine 

Methotrexate 
Imatinib 
Dasatinib, Nilotinib 

AML  Doxo-, Daunorubicin / 
Etoposid 
Mitoxantrone 
Cytarabin 
Mitomycin 

Topotecan 
Methotrexate 
Cyclophosphamide 
Vincristine 
Decitabin (check HDAC, DNMT)* 

CML Imatinib 
Dasatinib, Nilotinib 
Doxo-, Daunorubicin / 
Etoposid 
Mitoxantrone 
Cytarabin 
Mitomycin 

Interferon-alpha 

CLL Cyclo-/Ifosfamid 
Doxo-, Daunorubicin / 
Etoposid 
Cytarabin 
Vincristine 

 

*requires additional testing, please select on the requisition form as appropriate. 
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Glossary: Molecular tumor markers and therapy-related genes used in Biofocus testing 

 
AFP Levels of alpha-Feto-Protein (AFP) are increased in Hepatoma and Teratoma (liver, pancreas, prostate). AFP has 

structural and functional similarities to albumin and is normally decreased in adults. 
 
Gibbs et al. Structure, polymorphism and novel repeated DNA elements revealed by a complete sequence of the 
human alpha-fetoprotein gene. Biochemistry 26: 1332 –1343, 1987 

BAX BAX is a pro-apoptotic mitochondrial membrane protein. It inhibits Bcl2 and accelerates the programmed cell 
death (apoptosis). 
Reduced expression of BAX in relation to Bcl2 correlates with non-response to 5-fluorouracil, epirubicin and 
cyclophosphamide. 
 
Le Blanc H. et al. Tumor-cell resistance to death-receptor induced apoptosis through mutational inactivation of 
the proapoptotic Bcl 2 homolog BAX. Nat Med, 2002. 8(3):p. 274-81 
Krajewski S. et al. Prognostic significance of apoptosis regulators in breast cancer.Endocr Relat Cancer, 1999. 
6(1):p.29-40 

Bcl 2 Bcl2 is coding for an anti-apoptotic mitochondrial membrane protein. Bcl 2 is overexpressed in many tumors and 
consequently causes resistance to apoptosis-inducing drugs (e.g. intercalating agents, alkylating agents, platinum 
compounds). 
 
Ikeguchi M.S. et al. Quantitative analysis of expression levels of BAX, Bcl 2 and survivin in cancer cells during 
cisplatin treatment. Oncol Rep, 2002. 9(5):p. 1121-6 

CEA Carcinoembryonic antigen (CEA) is found in gastrointestinal and colorectal tumors. Measuremnt of expression in 
blood is used for diagnosis of circulating cancer cells, since expression of CEA is usually absent in blood cells. 
 
Tremblay F.: Breast cancer masquerading as a primary gastric carcinoma. J Gastrointest Surg 2002 Jul – Aug; 
6(4):614-6 

c-KIT 
 

c-kit (= CD117) is the receptor of the stem cell growth factor. The receptor type is a tyrosine kinase. In some 
special small-cell lung cancers and gastrointestinal tumors, c-kit is overexpressed. Overexpression is indicative 
for considering therapy with the tyrosine kinase-inhibitor Gleevec (STI571). 
 
Potti A et al. CD117 (c-KIT) overexpression in patients with extensive-stage small-cell lung carcinoma. Ann 
Oncol. 2003 Jun;14(6):894-7. 
Allander SV et al.: Gastrointestinal stromal tumors with KIT mutations exhibit a remarkably homogeneous gene 
expression profile. Cancer Res. 2001 Dec 15;61(24):8624-8.  

Cytokeratin  
CK19  
CK20 
 
 

Cytokeratins (CK) are expressed in epithelial cells and usually not in mononuclear blood cells. Therefore, they are 
suitable for the detection of circulating tumor cells of epithelial origin. 
Which cytokeratins are used as detection markers depend on the tumor type: 
CK19: tumors of breast, lung, ovarian 
CK20: gastrointestinal tumors 
 
Burchill et al.: Detection of epithelial cancer cells in peripheral blood by reverse transcriptase PCR. British Journal 
of Cancer 71:278-281, 1995 

c-myc The gene for the transcription factor c-myc is amplified (DNA) or overexpressed (RNA) in advanced, aggressive 
tumors. 
 
Zajac-Kaye M.: Myc oncogene: a key component in cell cycle regulation and its implication for lung cancer. Lung 
Cancer 2001 Dec;34 Suppl 2:S43-6 

Cox 2 Cyclooxigenase 2 (Cox2) is overexpressed in colorectal adenomas and tumors. These tumors can be treated with 
specific Cox-2 inhibitors, since high expression levels confer susceptibility to these drugs. 
 
Adlard et al.: Prediction of the response of colorectal cancer to systemic therapy. Lancet Oncology 3, 75-82 
(2002) 

DCK Desoxycytidine kinase (DCK) is activating drugs belonging to nucleoside analogues like gemcitabine or 
cytarabine. The activated drugs inhibit cell proliferation by blocking the DNA-polymerase. Tumor cells develop 
resistance to these drugs by a lowered DCK-expression which results in reduced DCK activity. 
 
Gregoire V. et al. Role  of deoxycytidine kinase ( DCK ) activity in gemcitabine´s radioenhancement in mice and 
human cell lines in vitro. Radiother Oncol 2002 Jun; 63(3):329-338. 
Holland, Frei: Cancer Medicine 5, Section 1: Cancer Biology / Section 14:  Chemotherapeutic agents – Pyrimidine 
and purine antimetabolites. 

DPD Dihydropyrimidine dehydrogenase (DPD) has a detoxifying enzymatic function. It catalyzes the degradation of 5-
fluorouracil to an inactive metabolite. Overexpression of DPD correlates with resistance to 5-fluorouracil due to an 
accelerated degradation. 
 
Ichikawa et al.: Combination of dihydropyrimidine dehydrogenase and thymidylate synthase gene expressions in 
primary tumors as predictive parameters for the efficacy of fluoropyrimidine-based chemotherapy for metastatic 
colorectal cancer. Clin Cancer Res. 2003 Feb;9(2):786-91.  
Salonga D et al.: Colorectal tumors responding to 5-fluorouracil have low gene expression levels of 
dihydropyrimidine dehydrogenase, thymidylate synthase, and thymidine phosphorylase. Clin Cancer Res. 2000 
Apr;6(4):1322-7. 
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DHFR Dihydrofolate reduktase (DHFR) provides reduced methyl-moieties for DNA-synthesis. DHFR is blocked by 

methotrexate. Tumor cells develop resistance to methotrexate by overexpression of DHFR. 
 
Banerjee D. et al. : Novel aspects of resistance to drugs targeted to dihydrofolate reductase and thymidylate 
synthase. Biochim Biophys Acta 2002 Jul 18; 1587(2-3):164 – 73 

ERCC1 Excision repair cross complementation 1 (ERCC1) is capable to remove DNA-damages, e.g. induced by platinum 
compound drugs. Overexpression of ERCC1 induces resistance to drugs like oxaliplatin, cisplatin, carboplatin.  
 
Shirota et al. ERCC1 and Thymidylate synthase mRNA levels predict survival for colorectal cancer patients 
receiving combination oxaliplatin and fluoruracil chemotherapy. Journal of clinical oncology 19, 4298-304 2001 
 
Rosell et al.: Molecular Predictors of Response to Chemptherapy in Lung Cancer. Seminars in Oncology 31, 20-7 
(2004) 

EGFR 

 

EGFR is the receptor for the epidermal growth factor (EGF) and other members of the EGF family. Tumors 
overexpressing EGFR probably respond to treatment with EGFR-inhibitors like EGFR-antibodies (cetuximab, 
panitumumab).  
 
Moroni M et al.: Gene copy number for epidermal growth factor receptor (EGFR) and clinical response to 
antiEGFR treatment in colorectal cancer: a cohort study. Lancet Oncol. 2005 May;6(5):279-86. 
Janmaat ML, Giaccone G. The epidermal growth factor receptor pathway and its inhibition as anticancer therapy. 
Drugs Today (Barc). 2003;39 Suppl C:61-80. 

Estrogenrec
eptor 
ER 
 

Estrogen receptor (ER) is the molecular target for tamoxifen. Treatment with tamoxifen is only recommended if 
the ER is expressed in the tumor. Loss of ER expression has been observed in 15% of patients with acquired 
resistance to tamoxifen. 
 
Osborne K.: Tamoxifen in the treatment of breast cancer. New England Journal of Medicine 339, 1609 (1998) 

ERBB2 
 

Erbb2 (also HER2/neu) is a tyrosine kinase involved in cell proliferation an differentiation. Tumors overexpressing 
Erbb2 can be treated with Herceptin (an Erbb2-antibody). Moreover, ER-positive tumors generally do not respond 
to tamoxifen if Erbb2 is overexpressed. 
 
Stebbing J. et al. Herceptin (trastuzamab) in advanced breast cancer. Cancer Treatment Reviews 26, 287-90 
(2000) 

FGF2 
(bFGF) 

Overexpression of the basic fibroblast growth factor (FGF2) occurs in many tumors. The drug suramin inhibits the 
binding of growth factors on its receptors and is therefore used in combination treatment of tumors especially 
overexpressing FGF2. 
 
Zhang Yet al.: Nontoxic doses of suramin enhance activity of doxorubicin in prostate tumors. J Pharmacol Exp 
Ther. 2001 Nov;299(2):426-33. 

FNTB Farnesyltransferase is catalyzing farnesylation of proteins like Ras. A logic requirement for a therapy with 
farnesyltransferase-inhibitors like Arglabin is expression of farnesyltransferase in the tumor cells. 
 
Sebati S et al.: Farnesyltransferase Inhibitors. Seminars in Oncology 31, 28-39 (2004) 
Shaikenov TE, et al.: Arglabin-DMA, a plant derived sesquiterpene, inhibits farnesyltransferase.  
Oncol Rep. 2001 Jan-Feb;8(1):173-9 

GCS 

 
Glutamate cystein synthetase (GCS) is involved in the synthesis of gluthation. Anticancer drugs like nitrogen 
mustards or nitrosoureas are detoxified by conjugation with gluthation. Resistance to these drugs is observed in 
tumors with high levels of GCS expression. 
 
Holland, Frei: Cancer Medicine 5, Section 1: Cancer Biology / Section 14:  Chemotherapeutic agents – Alkylating 
Agents 

G250 G250 is a renal cell carcinoma–associated antigen is suitable for the detection of renal carcinomas. In contrast to 
normal renal tissues, it is expressed in about 80% of primary and metastatic renal carcinomas.  
 
Bismar T. et al.: Quantification of G250 mRNA expression in renal  epithelial  neoplasms by real-time reverse 
transcription PCR of dissected tissue from paraffin section Pathology, 35(6) :513-7, Dec. 2003 

GST-pi For detoxification purposes, glutathion-S-transferase pi (GST-pi) transmits gluthation moieties onto anticancer 
drugs like alkylating agents or platinum compounds. Resistance of tumors to these compounds is associated with 
increased expression of GST-pi. 
 
Holland, Frei: Cancer Medicine 5, Section 1: Cancer Biology / Section 14:  Chemotherapeutic agents – Alkylating 
Agents) 

HCG-b beta-human chorionic gonadotropin (HCG-b) is used as a marker for the detection of germ cell tumors, malignant 
melanomas and chorion carcinomas. 
 
F.Doi et al. Detection of beta-human chorionic gonadotropin mRNA as a marker for cutaneous malignant 
melanoma. Int J Cancer 65 (1996) 454-459 

IFN-R 
Interferon receptor is analyzed in the context of immunotheraypy of tumors. This receptor binds interferon, which 
has anti-proliferative properties. Interferon therapy is impaired by reduced expression of the IFN-R or by 
diminished receptor binding. 
 
Dinney CP. et al. Inhibition of basic fibroblast growth factor expression, angiogenesis and growth of human 
bladder carcinoma in mice by systemic interferon-alpha administration. Cancer Res 1998 Feb 15;58(4):808-14 

K-ras 
K-ras is often mutated in numerous tumor types (e.g. 40% of colorectal adenocarcinomas; 75% of pancreas 
carcinomas). Colorectal cancers with mutated K-ras are excluded for therapy with EGFR-antibodies. 
Moreover, onset of acquired resistance to anti-EGFR treatment is often associated with appearance of secondary 
mutations in K-ras  
. 
Misale S, et al.: Emergence of KRAS mutations and acquired resistance to anti-EGFR therapy in colorectal 
cancer. Nature. 2012 Jun 28;486(7404):532-6.  
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MDR1 Multidrug resistance 1 (MDR 1) is a glycoprotein capable to transport anticancer drugs out of the cells. Tumor 
cells overexpressing MDR1 are resistant to multiple drug types like vinca-alkaloides, anthracyclines, taxanes or 
mitomycin C. 
 
Borst et al.: A family of drug transporters: the multidrug resistance-associated proteins. Journal of the National 
Cancer Institute 92, 1295-1302 (2000) 
Litman et al.: From MDR to MXR: new understanding of multidrug resistance systems, their properties and clinical 
significance. CMLS 58, 931 – 59 (2001) 

MGMT o-6-methylguanin-DNA methyltransferase (MGMT) is a repair enzyme removing DNA-damages induced by toxic 
and alkylating agents. If overexpressed in tumors, resistance to nitrosoureas and hydrazines (dacarbazine) is 
observed. 
 
Ma S. et al Analysis of O6-methylguanine-DNA methyltransferase in melanoma tumours in patients treated with 
dacarbazine-based chemotherapy. Melanoma Res 2002 Aug; 12(4):335-42 
Nozoe T. et al.  Smoking-related increase of O(6)-methylguanine-DNA methyltransferase expression in 
squamous cell carcinoma  or the esophagus.. Cancer Lett 2002 Oct 8;184(1):49-55 

MnSOD Manganese superoxide dismutase (MnSOD) is detoxifying reactive superoxide radicals. Many tumors are 
overexpressing MnSOD, possibly protecting them against some drugs. 
 
Izutani R, wet al.: Expression of manganese superoxide dismutase in esophageal and gastric cancers. J 
Gastroenterol 1998 Dec;33(6):816-22 

PDGFR beta 
 
 

Platelet derived growth factor receptor beta is mediating growth signals upon binding of its ligand, PDGF-beta. 
This receptor is also blocked by the drug Gleevec. Expression of PDGFR-beta is therefore a logic requirement of 
a therapy with Gleevec. 
 
Buchdunger E et al.: Abl protein-tyrosine kinase inhibitor STI571 inhibits in vitro signal transduction mediated by 
c-kit and platelet-derived growth factor receptors. J Pharmacol Exp Ther. 2000 Oct;295(1):139-45. 

PSA PSA is the prostate specific antigen, a protease synthesized in the prostate. Disseminated prostate carcinoma 
cells can be detected by measuring the gene expression of PSA in blood. 
 
Ghossein et al.: Molecular detection of micrometastases and circulating tumor cells in solid tumors. Clinical 
Cancer Research 5, 1950-60 (1999). 

TS Thymidylate synthetase (TS) is the molecular target of 5-fluorouracil. Inhibition of TS by agents like 5-fluorouracil 
causes starvation of deoxynucleotides which results in inhibited DNA-synthesis and growth arrest. Poor response 
to therapy with 5-fluorouracil correlates with elevated TS expression 
 
Salonga D et al.: Colorectal tumors responding to 5-fluorouracil have low gene expression levels of 
dihydropyrimidine dehydrogenase, thymidylate synthase, and thymidine phosphorylase. Clin Cancer Res. 2000 
Apr;6(4):1322-7. 
Ichikawa et al.: Combination of dihydropyrimidine dehydrogenase and thymidylate synthase gene expressions in 
primary tumors as predictive parameters for the efficacy of fluoropyrimidine-based chemotherapy for metastatic 
colorectal cancer. Clin Cancer Res. 2003 Feb;9(2):786-91.  

Telomerase 
 
 
 

Telomerase compensates the shortening of the chromosomes during each cycle of DNA-replication. In 
differentiated normal tissues, telomerase is usually not active. However, reactivation of telomerase occurs in 
tumors and measuring telomerase gene expression can therefore be used as a tumor marker. 
 
McKenzie et al.: Applications of telomerase research in the fight against cancer.. Mol Med Today 1999 
Mar;5(3):114-22 

Topo IIa 
 
 
 
 
 

Topoisomerase II alpha is catalyzing controlled cuts and reconnection of DNA-double strands during DNA-
replication. Inhibitors of Topoisomerase II (anthrazyclines, mitoxantron, etoposid) are provoking faulty action of  
Topo II, leaving behind DNA-damages. 
If Topo II is underexpressed in tumor cells, lesser DNA-damages occur and the therapy may fail.  
On the other hand, overexpression of Topo II sensitizes the cells to Topo II inhibitors. 
 
Tanner, M., P. Jarvinen, and J. Isola, Amplification of HER-2/neu and topoisomerase IIalpha in primary and 
metastatic breast cancer. Cancer Res, 2001. 61(14): p. 5345-8 

Topo I 
 
 

Topoisomerase I  is catalyzing controlled cuts and reconnection of DNA-single strands during DNA-replication. 
Chemotherapeutics like irinotecan and topotecan disturb Topo I function, inducing breaks in DNA during DNA 
replication. Underexpression of Topo I renders the tumor cells more resistant to these drugs. 
 
Holland, Frei: Cancer Medicine 5, Section 1: Cancer Biology / Section 14:  Chemotherapeutic agents – 
Topoisomerases 

TP 
 
 
 

Thymidine phosphorylase (TP) is involved in the metabolism of 5-fluorouracil. High expression levels correlate 
with resistance to therapy with  5-fluorouracil. 
 
Metzger R.: High basal level gene expression of thymidine phosphorylase (platelet-derived endothelial cell growth 
factor) in colorectal tumors is associated with nonresponse to 5-fluorouracil. Clin Cancer Res. 1998 
Oct;4(10):2371-6 
Yoshinare K et al.: Gene expression in colorectal cancer and in vitro chemosensitivity to 5-fluorouracil: a study of 
88 surgical specimens. Cancer Sci. 2003 Jul;94(7):633-8. 

VEGF Vascular endothelial growth factor (VEGF) is up-regulated in many tumors and is inducing angiogenesis by 
paracrine stimulation of endothelial cells. High expression levels of VEGF in tumor cells are associated with poor 
response to hormone therapy with tamoxifen and combination chemotherapy with FAC or CMF. 
New anticancer agents like bevacizumab (Avastin) are targeted specifically against VEGF. 
 
Sledge, G.W., Jr., Vascular endothelial growth factor in breast cancer: biologic and therapeutic aspects. Semin 
Oncol, 2002. 29(3 Suppl 11): p. 104-10. 
Bachelder, R.E., et al., Vascular endothelial growth factor is an autocrine survival factor for neuropilin-expressing 
breast carcinoma cells. Cancer Res, 2001. 61(15): p. 5736-40 
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