
therapies are superior to single drugs across a wide range of solid 
tumors because of tumor heterogeneity. Heterogeneity arises from 
genetic differences among cells in a single patient and among tumors 
in different patients; it likely explains why a particular anti-cancer 
drug can be effective in some patients but ineffective in others with 
the same type of cancer. 

In fact, a graph of patient responses traces a bell curve with a 
long tail: many patients respond only partially, but some do very 
well (they lie out on the tail). Combination therapies improve rates 
of success in patient populations (and clinical trials) in this view 
simply by increasing the odds that a patient will lie out on the tail. 
In other words, combination therapy overcomes ignorance of which 

drug will work best in a specific patient; this is true even when a 
targeted therapy is given to genetically selected populations.

Such bet-hedging is a case of the glass being half full, Sorger says: 
“existing combinations have taken untreatable disease in which a 
metastatic case means you die, to one in which a quarter or more 
of patients are doing well. At the same time, the large impact of 
unknown variables is the measure of how far we have to go in can-
cer pharmacology.”

How do we reconcile this statistical view of responsiveness to can-
cer therapy with the precise molecular experiments that Shaw and her 
colleagues are using to design combination therapies for cancers carry-
ing EGFR, ALK, and other mutations? Sorger and Palmer propose that 

high variability in response to anti-cancer therapy 
arises because multiple mutations are involved—
perhaps six or more in each cancer cell—many of 
which are unknown. “If we knew all the relevant 
genes determining drug response in a particular pa-
tient, we could be highly predictive, and able to tailor 
a therapy for each patient,” Sorger says. The stud-
ies Shaw has underway are necessary to make such 
prediction possible in the future. Moreover, in some 
cases there is evidence that combination therapies 
can be much more effective than the sum of their 
parts; there is currently no systematic way to find 
such combinations at the moment, but they are well 
worth pursuing. Both Sorger and Shaw agree that, as 
precision medicine improves and scientists identify 
the spectrum of mutations involved in drug response, 
it will be increasingly possible for physicians to tailor 
therapy to an individual patient’s needs. 

Todd Golub, professor of pediatrics and direc-
tor of the cancer program at the Broad Institute of 
MIT and Harvard, is part of an ambitious project 
to find those several targetable genes—and an es-
timated 10,000 more like them. The aim of cancer 
treatment, he says, ought to be the use of molecular 
analysis to make predictions about what the best 
therapy should be for each patient, for all types of 
cancer—the ultimate goal of personalized, preci-
sion medicine. He and his Broad colleagues are at 
work on the “cancer dependency map.” Their goal 
is to identify all the genes that are unique to can-
cers, on which any cancer depends for growth—
the “Achilles heels” of the disease. 

Their first challenge is to gather the broadest 
range of cancer-tissue samples they possibly can. 
Paired with this effort to collect patient informa-
tion is a laboratory project to create model cancer 
cell lines and to test all FDA-approved drugs and 
drugs that are in clinical development—on the or-
der of 5,000 compounds—against them. “You can’t 
do that in a patient,” notes Golub. Seeing which 
compounds are effective against these cancers al-
lows researchers to identify those Achilles-heel 
genes. “That allows us to create a roadmap for drug 
developers, so that eventually, we will have a full 
medicine cabinet to make this concept work,” he 
explains. Of course there are challenges: some ther-

 “Is Precision Medicine  
for Everyone?”
David JOnes,  Ackerman professor of the culture of medicine, is concerned 
that personalized medicine could lead to higher levels of inequality in health-
care. Many people fear that drug prices will start to increase dramatically. “A 
lot of that fear is driven by oncology drug costs,” he points out.  A new leuke-
mia drug, for instance, has been priced at $475,000 per year. “If increasing drug 
costs lead to higher Medicare and Medicaid costs, such that the government 
has to reduce access and shrink the pool of people who benefit from these 
programs, then these expensive new cancer drugs could actually cause harm, 
because they would have contributed to some people losing access to health 
care. And those are people who could suffer if their easily treatable diseases 
don’t get treated.” (For more about Jones’s work, see “A Cardiac Conundrum,” 
March-April 2013, page 25).

Jones is by no means arguing against research and deployment of new thera-
pies. He believes that more medical research and better treatments are needed 
for nearly every disease. But from his historical perspective, he acknowledges 
that “something’s got to give.…If healthcare costs driven by personalized medi-
cine lead to decreases in healthcare access, that will be a terrible, unintended 
side effect. Someone needs to think about all of these issues.”

The best way to improve Americans’ health overall, he says, is to enable healthy 
lifestyles, because many of the important risk factors are “things that our hands 
put to our mouths: what we drink, what we eat, what we smoke. One that is not 
is hypertension,” but that is linked to diet and exercise). Facilitating change in 
these areas would require signficant social restructuring, but there is no lobby 
for such public goods. The pharmaceutical industry, in contrast, is “the most 
profitable sector of the U.S. economy,” one that “manages to spend more money 
on lobbyists than nearly any other sector.”

Jones also brings personal skepticism to his assessment of precision medicine. 
More than a decade ago, he was diagnosed with a gastrointestinal stromal tumor 
(GIST). There was tremendous excitement at the time, because doctors had 
just realized that most GISTs were dramatically susceptible to one of the first 
of the successful new targeted cancer therapies, imatinib (Gleevec).But Jones 
was among the 10 percent of patients who lacked the mutation that Gleevec 
targets. Since GIST is not susceptible to either chemotherapy or radiation, his 
only option was an ancient one: surgery.Luckily, that seems to have worked and 
he has been cancer-free since then. Although Jones was in the minority of GIST 
patients who could not benefit from imatinib, his situation is actually typical 
for cancer patients at present: most don’t benefit from the new personalized 
therapies, either because their cancer is driven by unexplained biology, or be-
cause a targeted therapy has not yet been developed for their form of the disease.
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