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Unleashing the full potential 
of molecular medicine

!  Targeted therapy is effective: 

!  Almost all tumors develop resistance: 
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High burden and mortality of lung cancer

• 1 in 15 Americans will be diagnosed with lung cancer

• 65% of lung cancer diagnoses are in non-smokers

• Lung cancer kills more people than the next 3 deadliest 
cancers combined
• Lung cancer kills 3X as many men as prostate cancer
• Lung cancer 2X as many women as breast cancer

• Only $1,680 is spent on federal research per life lost from 
lung cancer; $25,118 is spent in breast cancer; $12,644 in 
prostate cancer



Paradigm-defining molecular landscape 
of lung adenocarcinoma



Precision oncology: promise & challenge
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goal of therapies targeting residual disease will be to achieve chronic 
disease management, whereas in others it will be to cure disease.

The presence and etiology of residual disease
Principles of residual disease. In principle, three primary types of 
residual disease may be linked to the incomplete response to therapy 
that ultimately drives residual disease and therapy-resistant tumor 
progression in advanced-stage solid cancers (Fig. 1): intrinsic resist-
ance of tumor cell subpopulations within a generally sensitive tumor, 
therapy-induced adaptation of tumor cell subpopulations that enable 
tumor cell survival, and pharmacokinetic therapy failures that result 
in incomplete drug impact. Multiple mechanisms can operate within 
an individual metastatic tumor or between different metastatic tumors 
in an individual patient to promote the emergence of residual disease 
and therapy failure (Figs. 1 and 2)10–14.

Intrinsic resistance. In tumor cell subpopulations within a gener-
ally sensitive tumor, intrinsic resistance can promote an incomplete 

response to therapy, leading to residual disease. One mechanism 
underlying intrinsic resistance in tumor cells is incomplete suppression  
of the pathway that is targeted by the signal transduction inhibitor.  
For example, the treatment with the targeted agent can induce rapid 
pathway re-activation to immediately compensate for pathway inhibi-
tion, via several mechanisms in certain cells, as observed with some 
BRAF inhibitors that paradoxically activate the RAF–MEK–ERK sig-
naling pathway that they are intended to block (Fig. 2)15–19.

Tumor genetic heterogeneity is present in the treatment-naive 
state and manifests as both intratumoral heterogeneity, in which 
multiple different tumor cell clones with distinct mutational profiles 
exist in individual tumors, and intertumoral heterogeneity, in which 
there are genetic differences between different metastatic lesions. 
Furthermore, differences in the stromal microenvironment within 
an individual patient may also be substantial (such as those between 
the lung, the liver, and the brain) and promote residual disease20. 
Different clonal populations of cells within a metastatic tumor may 
harbor the relevant target of a particular drug, whereas others may 
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Figure 1 Defining residual disease. (a) A prototypical waterfall plot of the best responses to therapy, highlighting the difference between intrinsic drug 
resistance and the residual tumor burden observed even among patients deemed to have an objective tumor response, as assessed by the response evaluation 
criteria in solid tumors (RECIST) guidelines. (b) Intrinsic resistance describes the survival of subpopulations of drug-resistant tumor cells within a tumor 
during initial therapy; the large majority of cells within it are sensitive to therapy. Shown is a pretreatment melanoma harboring different clones of cells, some 
of which express the BRAFV600E mutant, whereas others express wild-type BRAF (BRAFWT) but also mutant PI3K (PI3Km). The mutant-PI3K-expressing cells 
form a drug-resistant clone during initial treatments with a BRAF inhibitor (BRAFi) that results in incomplete response and eventual therapy failure and tumor 
progression. (c) Tumor cell adaptation can be the result of therapy-induced changes in the tumor cells that enable adaptive survival and/or drug-tolerance, 
resulting in a drug-resistant residual disease niche. Here the NF- B–STAT3 signaling pathway, a lysine demethylase 5A (KDM5A)-mediated epigenetic 
program, and/or secreted factors, including IL-6 and hepatocyte growth factor (HGF), promote a drug-tolerant state that enables lung cancer cell persistence 
during initial EGFR inhibitor (EGFRi) treatment. TKI, tyrosine kinase inhibitor. (d) Pharmacokinetic therapy failure can result from either pharmacologic 
limitations, or dose-limiting toxicities, or tumor intrinsic barriers to drug penetration into the tumor cell compartment. Shown is poor penetration of a BRAFi 
into a melanoma with dense stromal cell infiltration (red), resulting in low-efficiency killing of BRAFV600E-mutant tumor cells (green).
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Systematic study of human specimens
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Characterizing and targeting the tumor ecosystem
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