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The pathobiology-based approach to R&D has been the dominant paradigm for successful drug 
discovery over the last decades. We propose that the molecular and cellular events that govern a 
resolving, rather than an evolving, disease may reveal new druggable pathways. 
 
In his Editorial, Turning the Titanic, Elias Zerhouni describes how the research and development 
(R&D) engines of academia and the pharmaceutical industry that have been so successful at developing 
treatments for acute diseases are failing to generate effective new compounds for chronic diseases (1). 
He expresses the view that more effort should be directed toward deciphering the natural histories of 
diseases and that this knowledge could be used to effectively select translatable therapeutic targets. The 
paper emphasizes the need to use robust technologies to obtain genetic data from patients to “illuminate 
the genetic underpinning of molecular changes associated with human pathophysiology.” 
 This is the prevailing strategy of pathobiology-based drug discovery. The tacit assumption 
underlying the approach is that processes that contribute to the development and progression of a 
disease, will, if it is negated, arrest and reverse the disease process. The consequent research question is 
“what are the events that cause the disease?” And the implication is that, if we find drugs that target 
these events, we will be able to effectively treat the disease. 
 By phrasing a question in a particular manner, the answer is inevitably steered in a specific 
direction; the question itself limits the landscape of possible answers. In this case, the question “what 
causes a disease to develop?” inevitably implies that therapeutic strategies lurk in the answers. 
However, new therapies also may reveal themselves in responses to the question “what causes a disease 
to resolve?”  

In our own field of cancer research, key events in the evolution of tumors are often referred to 
as the hallmarks of cancer (2), and the unchallenged paradigm is that blocking the molecular pathways 
associated with tumor initiation and progression will lead to disease resolution even when the cancer 
has matured into full-blown metastatic disease. The last decade has shown us that only in selected cases 
has this approach led to the development of effective drugs; overall, the success rate of new 
oncological drugs is at an all-time low (3). It has become clear that in the majority of cancers, 
therapeutic inhibition of tumor-promoting pathways leads only temporarily to disease regression, which 
often is followed by rapid disease progression. This is often because alternate molecular pathways that 
are not inhibited by the therapy can take over, allowing cancer cells to escape killing (4).  
 What, then, if the assumptions underlying the research question “what causes a disease to 
develop?” were not the whole picture? What if the cellular and molecular events that cause a cancer to 
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regress are different from those that cause it to arise? The low success rate of the pathobiology-based 
approach to drug discovery can at least partially be explained by the notion that robustness to 
perturbations is a fundamental property of complex evolvable systems (5). So rather than focus on the 
mechanisms that underpin disease development and persistence, we think that there should be an 
increased focus on understanding the mechanisms that govern state transitions, such as during disease 
resolution or remission. This view would radically affect the way we set up our laboratory experiments 
and clinical trials. As Zerhouni describes in his editorial, many new exciting technologies have allowed 
us to analyze patient tissues in exquisite detail. However, the knowledge we obtain by using these 
techniques will be crucially determined by how we use them: Which tissues will be analysed from 
which patients at which point in their diseases and their treatments?  
 The everyday clinical reality for doctors treating cancer patients is that some patients respond to 
treatment while others do not. In esophageal cancer for example, patients with cancers that present 
identically may respond differently, with complete regression after chemo-radiotherapy on the one 
hand or with no response on the other (6). This also holds true for many other cancer types and 
treatment modalities, such as in lung cancer or melanoma patients treated with immunotherapy (7). In 
this light, it seems surprising that, even though some of the most successful cancer chemotherapeutics 
have been around for many decades, their mechanisms of action are still not fully understood, and it is 
not known what discriminates a responding from a nonresponding cancer. The relatively few studies 
that have investigated tumor tissues during effective chemotherapy found completely unanticipated 
effects (8, 9). It is equally unknown what happens in the small, but unique group of tumors that regress 
without any therapy (10). 
 We do not contest the validity of the pathobiology-based drug discovery approach as described 
in Zerhouni’s Editorial, and we fully acknowledge the fact that there is a plethora of data supporting the 
legitimacy of this approach and that several effective drugs have been discovered in this manner. 
However, we feel that it is time to add the exploration of a new landscape—that of the resolving 
disease. By focusing on what we do right as clinicians and medical scientists and investigating the 
molecular and cellular events associated with disease resolution, we may be able to reinforce or mimic 
those events to increase the response rates to current treatments. We anticipate that this pathoresolution 
approach will be relevant to various diseases that display a dichotomous response to treatment, such as 
cancer and chemotherapy, sepsis and antibiotics, and organ rejection and immune suppressants.  

Furthermore, we agree with Zerhouni that improving the pipeline for drug development will 
necessitate a comprehensive approach by academia, pharmaceutical companies, and patients, but we 
also think that pursuing distinct approaches with diverse underlying assumptions will increase our 
chances of finding effective drugs. A resolving disease–based approach will require rethinking in the 
design of preclinical experiments and selection of animal models. In clinical studies, it will require 
frequent sampling of relevant tissues during treatment and a comprehensive and detailed assessment of 
the events that occur in those tissues using cutting-edge technologies. Last, it will require some 
boldness from funding agencies, allowing us to explore the Rumsfeldian landscape—the things we 
don’t know that we don't know. If we continue to focus only on pathobiology, we may fail to recognize 
mechanisms associated with disease resolution that could lead to the development of effective drugs. 
 

References 
1. E. A. Zerhouni, Turning the titanic. Sci. Transl. Med. 6, 221ed2 (2014). 

2. D. Hanahan, R. A. Weinberg, Hallmarks of cancer: The next generation. Cell 144, 646-674 (2011). 
3. M. Hay, D. W. Thomas, J. L. Craighead, C. Economides, J. Rosenthal, Clinical development success 
rates for investigational drugs. Nat. Biotechnol. 32, 40-51 (2014). 



	   3	  

4. R. Bernards, A missing link in genotype-directed cancer therapy. Cell 151, 465-468 (2012). 

5. H. Kitano, Biological robustness. Nat. Rev. Genet. 5, 826-837 (2004). 
6. P. van Hagen, M. C. Hulshof, J. J. van Lanschot, E. W. Steyerberg, M. I. van Berge Henegouwen, B. 
P. Wijnhoven, D. J. Richel, G. A. Nieuwenhuijzen, G. A. Hospers, J. J. Bonenkamp, M. A. Cuesta, R. 
J. Blaisse, O. R. Busch, F. J. ten Kate, G. J. Creemers, C. J. Punt, J. T. Plukker, H. M. Verheul, E. J. 
Spillenaar Bilgen, H. van Dekken, M. J. van der Sangen, T. Rozema, K. Biermann, J. C. Beukema, A. 
H. Piet, C. M. van Rij, J. G. Reinders, H. W. Tilanus, A. van der Gaast, Preoperative 
chemoradiotherapy for esophageal or junctional cancer. N. Engl. J. Med. 366, 2074-2084 (2012). 
7. S. L. Topalian, F. S. Hodi, J. R. Brahmer, S. N. Gettinger, D. C. Smith, D. F. McDermott, J. D. 
Powderly, R. D. Carvajal, J. A. Sosman, M. B. Atkins, P. D. Leming, D. R. Spigel, S. J. Antonia, L. 
Horn, C. G. Drake, D. M. Pardoll, L. Chen, W. H. Sharfman, R. A. Anders, J. M. Taube, T. L. 
McMiller, H. Xu, A. J. Korman, M. Jure-Kunkel, S. Agrawal, D. McDonald, G. D. Kollia, A. Gupta, J. 
M. Wigginton, M. Sznol, Safety, Activity, and Immune Correlates of Anti-PD-1 Antibody in Cancer. 
N. Engl. J. Med. 366, 2443-2454 (2012). 
8. E. S. Nakasone, H. A. Askautrud, T. Kees, J. H. Park, V. Plaks, A. J. Ewald, M. Fein, M. G. Rasch, 
Y. X. Tan, J. Qiu, J. Park, P. Sinha, M. J. Bissell, E. Frengen, Z. Werb, M. Egeblad, Imaging tumor-
stroma interactions during chemotherapy reveals contributions of the microenvironment to resistance. 
Cancer Cell 21, 488-503 (2012). 
9. D. G. Denardo, D. J. Brennan, E. Rexhepaj, B. Ruffell, S. L. Shiao, S. F. Madden, W. M. Gallagher, 
N. Wadhwani, S. D. Keil, S. A. Junaid, H. S. Rugo, E. S. Hwang, K. Jirstrom, B. L. West, L. M. 
Coussens, Leukocyte Complexity Predicts Breast Cancer Survival and Functionally Regulates 
Response to Chemotherapy. Cancer Discov. 1, 54-67 (2011). 
10. S. J. Diede, Spontaneous regression of metastatic cancer: learning from neuroblastoma. Nat. Rev. 
Cancer 14, 71-72 (2014). 
 
 
 
Funding  
W.J.L. is supported by a John Stocker Fellowship from the Science and Industry Endowment Fund; 
A.B. is supported by a BrightSpark Foundation McCusker Fellowship. 
 
 
 
Citation 
Lesterhuis WJ, Bosco A, Lake RA. Comment on "drug discovery: turning the titanic". Sci Transl Med. 
2014 Mar 26;6(229):229le2. doi: 10.1126/scitranslmed.3008763. PMID: 24670682.  
 
 


