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Personalization of Drug Prescriptions is Needed

● More than 160 target cancer drugs on the market now

● Collectively, they cover ~180 different molecular targets

● Personalized selection of therapeutics is needed, especially 

for Advanced/Recurrent/Metastatic tumor patients



Why Transcriptomics Can Help

● No diagnostic mutations predicting patient response for most 

(~90%) cancer target drugs.

● Transcriptomics can feel what genetic tests are missing (e.g. 

mutations in gene promoters => altered gene expression levels)

● Works reproducibly and accurately with many types of tumor 

samples incl. FFPE blocks

● Stands several steps closer to cancer phenotype than DNA analysis

● Worked better than genetic panel in WINTHER trial



Individual genes form

molecular pathways

• Each molecular pathway is 

responsible for an elementary 

intracellular event

• Knowledge of pathway

activation helps understanding 

what processes go wrong in a 

cancer cell

Next-level of transcriptome analysis



Using Transcriptomic Data to Calculate 
Pathway Activation Level

6

Quantitative evaluation of molecular pathways using 

-gene expression data (Buzdin et al., Front.Genet., 2014);

-microRNA data (Buzdin et al., Seminars Cancer Biol., 2018)

ὖὃὒὴ ὃὙὙ ẗÌÇὅὔὙ

• PAL = pathway activation level, which operates 

with the experimental datasets obtained during 

comprehensive profiling of gene expression, for a 

pathway p. Here the case-to-norm ratio, CNRn, is 

the ratio of the expression levels of a gene n in the 

sample (e.g., of a cancer patient) and in the 

control (e.g., average value for healthy group). 

The discrete value ARR (activator/repressor 

role) shows whether the gene product 

promotes signaling (1), inhibits it (-1) or plays 

an intermediate role (0.5, 0 or -0.5, 

respectively).

• Visualized using Oncobox software
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We proposed molecular pathway activation as a novel type of cancer 
biomarkers in 2014. Totally, 150+ articles were published using our original and 
daughter methods: Oncofinder, Ipanda and clinically validated Oncobox.

Key publications

https://www.ncbi.nlm.nih.gov/pubmed/31015567
https://www.ncbi.nlm.nih.gov/pubmed/30728774
https://www.ncbi.nlm.nih.gov/pubmed/27848968


Oncobox Method For Ranking Target Cancer Drugs 
Using Transcriptomic Data

-Drug Efficiency depends on 

normalized change of its target genes 

expression in tumor  

-Drug Efficiency depends on up- and 

down-regulation of targeted molecular 

pathways in tumor  

Efficiency Score

Estimates Expected 

Clinical Utility of a 

Drug Based on High 

Throughput Gene 

Expression Data

(Tkachev et al., Methods in Molecular Biology 2019, In Press)
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Personalized prescription of imatinib in recurrent granulosa cell tumor of the ovary: case report.
PoddubskayaEV et al. Cold Spring Harbor Molecular Case Studies. 2019 Apr 1;5(2). pii: a003434.
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Case: Female patient (40 y.o.) was diagnosed with granulosa cell 
tumor of the ovary.

Dates Treatment Outcome

2001-2013 6 operations Progression

2014 Exemestane Progression

2015 Bleomycin, etoposide and 
platinum 

Progression

2015 Sorafenib Tumor regression.
Terminated due to side effects. 

Jan 2016 -
Jul 2016

Imatinib Partial response and prolonged 
stabilization

Dec 2016 Cytoreductive operation Operative blood loss – 4 liters. 
Lesions were removed partially.

Feb 2017 -
till present

Imatinib Stabilization

Tolerability of Imatinib is acceptable, no serious adverse effects. 
As for Apr 2019 the patient is alive and physically active. 
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Oncobox for granulosa cell ovarian cancer

IHC: c-Kit negative tumor
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Oct 2015

Jul 2016

Oct 2016

Jan 2017

Jul 2017

Case: 72 y.o. man with stage 4 unresectable metastatic cholangiocarcinoma (CCA) 
was diagnosed in Nov 2015

Sorafenib

Treatment

In October2017(2 yearsafter initial diagnosis)the patient wasstill alivewith KarnofskyScore80%.

Thepatient passedawaydueto liver failure in Nov2017. One-yearsurvivalrate is5%for stage4 CCA.

Personalized prescription of tyrosine kinase inhibitors in unresectable metastatic cholangiocarcinoma. 
PoddubskayaEV et al. Exp HematolOncol. 2018 Sep 6;7:21.

stabilization
elimination of pain 

Pazopanib

Gemcitabine + Capecitabine/Cisplatin

ŜƭƛƳƛƴŀǘƛƻƴ ƻŦ άƘŀƴŘ-Ŧƻƻǘέ ǎȅƴŘǊƻƳŜ 
(Sorafenib side effect)

disease progression
serious pain
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Pain medications

Ketorolac 30 mg intramuscular 
injection, twice daily

Tramadol 100 mg intramuscular 
injection, once daily

Fentanyl 75 /h

Ketorolac 30 mg intramuscular 
injection, twice daily

Dates

Dec 2015 - Apr 2016

May 2016 - Dec 

2016

Jan 2017 - Nov 2017

Oncobox for metastatic cholangiocarcinoma



239 patients: advanced and/or metastatic solid cancers

239 tumor samples RNA -sequenced and tested

all doctors received Oncobox report more than 1 month ago:

193 patients Ǳprimary feedback s received:

ǻ 30 patients died before therapy prescriptio n

ǻ 37 received no therapy (e.g. palliative care or no progression 
after surgery)

ǻ 72 patients received Oncobox suggested therapy 

ǻ 54 receive d other therapy

Therapy response information collected for 80 patients

Deliverables: time to progression, overall survival, objective response 
rate

Cancer # patients

Colorectal cancer 64

Breast cancer 38

Non-small -cell lung 
cancer

26

Ovarian cancer 16

Cervical cancer 15

Melanoma 9

Pancreatic cancer 8

Kidney cancer 7

Glioblastoma 7

Stomach cancer 6

Other (34 types) 43

Oncobox prospective trial 2018-(Ongoing)

NCT03724097



PARTICIPATING CLINICAL ORGANIZATIONS

• I.M. Sechenov First Moscow State Medical University, Russia

• Vitamed LLC, Russia

• N.N. Blokhin National Medical Research Center of Oncology, 
Russia

• Kaluga Regional Clinical Oncology Center, Russia

• Multidisciplinary medical holding SM-Clinic, Russia

• Oncological Clinical Dispensary No. 1 of the Moscow City Health 
Department, Russia

• International Neuroscience Institute, Hannover, Germany.
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Colorectal cancer 64

Breast cancer 38

Non-small -cell lung 
cancer

26

Ovarian cancer 16

Cervical cancer 15

Melanoma 9
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Kidney cancer 7

Glioblastoma 7

Stomach cancer 6
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NCT03724097



Solid cancer patients, meets criteria: N = 53 of 80

Inclusion criteria for  samples:  <2 lines of therapy 

OR <6 months between biopsy and next therapy

Other 

therapy

Oncobox

suggested therapy

Partial response 4 1

Stable disease 14 6

No progression 6 4

Progressive disease 9 9

Control over disease 73% 55%

Mean number of previous lines of therapy 1.18 0.83

Colorectal cancer 12

Non-small cell lung cancer 9

Ovarian cancer 4

Breast cancer 4

Pancreatic cancer 4

Glioblastoma 4

Cervical cancer, Triple negative breast cancer, 

Uterus cancer, Kidney cancer

8 

(2 each)

Adenocarcinoma of unknown origin, 

Oligodendroglioma/glioblastoma, Breast 

fibrosarcoma, Leiomyosarcoma, Oropharyngeal 

cancer, Small cell lung cancer, GIST, Melanoma

8

(1 each)

Preliminary results for Oncobox trial 2018-2019

NCT03724097



Key Oncobox trial results (in progress)

1. Targeted therapy was prescribed according to Oncobox 

report in 57% of all cases receiving chemotherapy.

2. Using recent biopsy (<2 lines of therapy OR <6 months 

between biopsy and date of molecular test) for transcriptomic 

analysis enabled optimal clinical results of Oncobox-guided 

therapy.

3. Control over disease rate was higher in the group of patients, 

where therapy was chosen based on the Oncobox report 

compared to “other therapy” group (73% vs 55%).

NCT03724097



Next Direction: Combining Transcriptomic and 
Mutation-Based Drug Scoring

Mutation data can complement transcriptomic analysis.

Pathway-based approach is also applicable to DNA mutation data using “Pathway Instability” 

metric instead of “Pathway Activation Level” as for transcriptomic data

Encouraging preliminary results obtained when Oncobox pathway approach was applied to 

public whole exome sequencing (WES) mutation data from TCGA project.

Mutation-based drug scores correlated with published clinical efficiencies of drugs for TCGA 

patients.

Pathway Based Analysis of Mutation Data Is Efficient for Scoring Target Cancer Drugs. Zolotovskaia MA et al. 

Front Pharmacol. 2019 Jan 23;10:1.



New prospective clinical trial proposal:
Integrating genomic and transcriptomic data to 
enhance cancer treatment. 

1. Title: TBD by the participants

2. Molecular tests: Mutations (Whole Exome Sequencing) and gene expression (RNA 

Sequencing) will be profiled in UCLA Technology Center for Genomics & Bioinformatics. 

Sponsored by Oncobox consortium.

3. Biosamples: TBD, e.g. recent FFPE blocks or fresh biopsies

4. Patients: TBD, e.g. solid advanced, metastatic and recurrent tumors

5. Bioinformatic analysis and drug scoring will be sponsored by Oncobox consortium.

6. The drugs will be prioritized using both mutation and gene expression data, drugs with 

contradictory scores are not recommended.

7. International committee recommends which drug is the most appropriate based on the 

Oncobox molecular tests.

8. Final treatment decisions: by local treating doctors.

9. Primary deliverables – TBD, e.g. ORR, PFS,  PFS2/PFS1 ratio (as in WINTHER trial).

10. Time frame: 3–4 years

11. Estimated enrollment: 500 participants
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