
Supplementary Material Current Drug Targets, 2016, Vol. 17, No. 15    i 

Supplementary Material 

The Challenges of Modeling Drug Resistance to Antiangiogenic Therapy 

Michalis Mastri1, Spencer Rosario2, Amanda Tracz1, Robin E. Frink4, Rolf A. Brekken4 and  
John M. L. Ebos1,3,* 

1Department of Cancer Genetics, Roswell Park Cancer Institute, Elm & Carlton Streets, Buffalo, NY, 142631, USA; 
2Department of Pharmacology and Therapeutics, Roswell Park Cancer Institute, Elm & Carlton Streets, Buffalo, NY, 
142631, USA; 3Department of Medicine, Roswell Park Cancer Institute, Elm & Carlton Streets, Buffalo, NY, 142631, 
USA; 4Departments of Surgery and Pharmacology, Hamon Center for Therapeutic Oncology Research and University 
of Texas Southwestern Medical Center, Dallas, Texas, USA 

 

SUPPLEMENTAL BOX 1: CRITICAL CONSIDERATIONS FOR THIS LITERATURE SEARCH 

Several papers required additional considerations/criteria for characterization and grouping for literature analysis. These in-
clude:  
 

1) Distinguishing Between Resistance that was ‘Derived’ vs. ‘Studied’ 

Of the 109 papers analyzed, we found that how resistance was derived was not always similar to how resistance was studied. 
For instance, some papers described resistant cells that were derived in vitro but then later used to study resistance mechanisms 
in vivo, or vice versa. For example, Zhai et al. treated hepatocellular carcinoma cells with increasing concentrations of soraf-
enib in vitro to derive cells, but then implanted these cells ectopically in mice to study the effects of Akt inhibition on resistance 
[88]. Conversely, Baker et al. derived sorafenib resistant cells from acute myeloid leukemia patients but then studied whether 
sorafenib-resistant FLT3 mutated cells were sensitive to sunitinib in vitro [37]. In such instances, we used such designations to 
separate studies as described in Fig. (3) and as outlined in Supplemental Table 1. 
 

2) Distinguishing Between Acquired or Intrinsic Resistance 

Out of the 109 papers, we identified 62 papers that derived resistance by treating cells in vitro or in vivo until they became non-
responsive to treatment over time. These were designated as acquired resistance studies. In contrast, we found 50 papers that 
identified intrinsically resistant cells and used them for study. These included either an initial (failed) treatment effect or a phe-
notype induced by genetic modification that generated non-responsiveness to therapy. For example, Shojaei et al. identified 
cells with intrinsic sunitinib resistance in implanted tumors in vivo [10], whereas Liu et al. induced sorafenib resistance in hepa-
tocellular carcinoma cells by overexpressing PROX1 [99]. For this reason, we grouped papers accordingly in our analysis (see 
Supplemental Table 1 for details). 
 

3) Some Studies Fit into Multiple Categories 

Of 109 papers identified in our literature search, we found several studies which could not be sub-grouped easily as they con-
tained multiple classifications or categories (see Fig. 3; gray areas). For example, Bender et al. used sunitinib and sorafenib for 
their studies [24], Lo et al. derived resistance in vitro and in vivo [100], and Harada et al. studied resistance in vivo and in vitro 
[74]. Groupings for each study in our analysis are explained in Supplemental Table 1. 
 

4) Search Criteria did not Identify all Papers 

As mentioned in the manuscript, our search results identified 381 publications related to antiangiogenic drug resistance, which 
was reduced to include only those that met our criteria (detailed in Fig. 1). In instances where PubMed did not identify all key 
words, additional papers were added to the final list (total 30). While the final 109 papers identified may not represent a com-
plete list, we feel excluded papers likely do not represent sufficient quantities to alter the general disparities noted in Figs. (2-4). 
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Table S1. Summary of preclinical studies used in analysis. 
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(Table S1) contd…. 

 
Classification of 109 papers used for analysis based antiangiogenic drugs used and methods used to derive and study resistance. Notes: Studies involving intrinsic resistance were sub-
divided into those generated by genetic modification or those found non-responsive to treatment in previous (‘known’) or current (‘discovered’) studies. Studies involving acquired 
resistance included those derived in vitro or in vivo following chronic or escalating drug doses (‘generated’). See Fig. (1) for complete list of drugs and drug names used in search. 
GEMM, Genetically Engineered Mouse Model; PDX, patient-derived xenograft; IV, intravenous. 
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