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Method overview 

DIGREM integrates three methods (DIGRE, IUPUI_CCBB and gene set-based methods) to predict drug combination effects by 
explicitly modeling the drug response dynamics and gene expression changes after individual drug treatments. 

The DIGRE model developed by our group won the best performance in the National Cancer Institute’s DREAM 7 Drug Combination 
Synergy Prediction Challenge, an international crowdsourcing-based computational challenge for predicting drug combination effects 
using transcriptome data. This challenge’s blind-assessment of submitted computational models revealed that the prediction of drug 
pair activity from DIGRE was significantly consistent with the vast majority of the organizers’ experimental validations. In addition, 
we further validated our DIGRE model using another experimental dataset. 

IUPUI_CCBB is the second ranked method in DREAM 7 challenge. It has a similar workflow as DIGRE but does not consider gene-
gene interaction and dose response curve. Statistical test is applied to identify commonly disturbed genes in a core gene set by two 
drugs, therefore replicates are required to ensure the statistical power. 

Gene set-based method is another recently developed method aiming the same question. Rather than looking at individual genes or a 
defined gene set, it calculates a gene set enrichment score across all gene ontology and oncogenic signature gene sets, and ranks drug 
pairs by an average percentage of commonly disturbed genes with the co-enriched gene sets. 

DIGREM could potentially be used for large-scale discovery of effective drug combinations for further experimental validation, 
possibly leading to the rapid identification of new therapies for complex diseases. 

 



 

Prepare input data 

The DIGREM website takes three forms of input data to predict the compound synergistic effect: the drug treated gene expression data, 
the drug dose response data and the gene-gene interaction information. 

1. Gene expression profile (required) 
This is the gene expression profile (microarray or RNA-Seq) of cell after drug perturbation. User should prepare a table with each 
column representing one drug, and each row representing one gene. Negative control such as DMSO treatment should be included (the 
corresponding column name should be “Neg_control”, otherwise DIGREM will not recognize it). The demo data we provided is from 
NCI-DREAM challenge competition for predicting drug pairs synergy. OCI-LY3 human diffuse large B-cell lymphoma (DLBCL) cell 
line was treated by 14 different drugs in its dose of IC20. Gene expression level was measured 24 hours after drug perturbation. 

 



2. Dose response data (optional) 
This is the dose response data of each drug. It is only required by DIGRE model (not for IUPUI_CCBB and gene set-based method), 
but if you do not provide dose response data, DIGRE will still predict based on drug similarity score.  

To have a correct data format, user should prepare a table that contains the cell viability reduction values when cell line is treated with 
drug in two different dose. One drug dose is the IC20 of the drug, therefore the cell viability reduction is always 0.2 for all drugs. The 
other dose is double dose of IC20, This value is inferred from the dose response curve of each drug. (This step should be done by user 
himself, DIGREM only accepts the processed data not raw dose response curves; currently, the two drug doses are fixed: the IC20 and 
double of the IC20.) The demo data we provided contains dose response data of 14 drugs from NCI-DREAM challenge. (Notice: 
Check the drug name in the dose response data that match exactly the drug name in the gene expression data. The row names of the csv 
file should be “doseRes1” and “doseRes2”, otherwise DIGRE will not recognize it) 

 

3. Gene-gene interaction information 
This is the gene-gene interaction information needed for DIGRE to predict drug interaction effect. It is only required when user select 
“gene network” option in connectivity data (if KEGG pathway is selected, other additional input is required). It is recommended when 
user have knowledge about the gene network involved in the specific cell line he used in the experiment. The data table should contain 
two columns with gene SYMBOL names. Each raw represents two connected genes. The interaction is regarded as undirected. The 
demo data is a lymphoma-specific gene network refined from lymphoma patients gene expression data. 

 



Requirement of data for DIGREM 

The DIGREM will automatically call three methods to do prediction if the requirement is meet, and output the predicted result of each 
method. 

1. DIGRE model 

DIGRE is the method that has the least requirement, therefore is always run. It takes the above-mentioned three input to do prediction 
with tolerance of no dose response data. 

2. IUPUI_CCBB model 

IUPUI_CCBB method requires the gene expression data to have at least three replicates for each drug (to ensure enough statistical 
power). If the requirement is meet, this method will be run, and prediction will be added to final output report, otherwise this method is 
skipped. 

3. Gene set-based model 

Gene set-based method require the gene expression data contains at least 16 columns to do normalization. If the requirement is meet, 
this method will be run, and prediction will be added to final output report, otherwise this method is skipped. 

Workflow of using DIGREM website 

1. Step1: Go to the analysis page 

 

2. Step2: Fill in user information 
Fill in the name, organization and e-mail information. This step is optional. If e-mail address is provided, an e-mail will be sent to the 
user once the job is done. 



 

3. Step3: Upload input data and submit 
Upload the gene expression data and dose response data. If user select the Gene Network method, the additional network input data 
should be given. 

 

 



4. Step4: Wait to be processed 
Once user submit his job, the website will be directed to a waiting page. User can record the url showed in the page, and come back to 
check the status of job. 

 

 

5. Step5: Visualize result 
Once the job is done, the prediction result will be displayed automatically in the page. The heat map displays the predicted synergistic 
scores of all the compound pairs. Deep color indicates high synergistic score. The bar plot shows the top predicted synergistic drug 
pairs. The result will be stored in our server for a long time. User can record the link and go back at any time. 



 

    

 

 
 



 
 
6. Step6: Download result 
User can click on the download button to download the result predicted by DIGREM. 

 

 


