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A Counterintuitive Breakthrough
in Brain Tumor Therapy
Ranjit Bindra, MD, PhD, was puzzled. His patients were not 
responding as expected to a heralded new drug, enasidenib, 
for brain tumors, which targeted a mutation in the IDH gene, 
implicated in gliomas. When combined with chemoradiotherapy, 
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In the 18 years since, Dr. Fuchs and 
his colleagues have studied thousands of 
patients and identified many factors that 
clearly influence the outcomes of colon 
cancer patients. For instance, aspirin: Dr. 
Fuchs found that even after patients were 
diagnosed with colon cancer, those who 
took aspirin had a much lower risk of 
recurrence. The result was so clear that 
he launched a clinical trial to determine 
if adding aspirin-like compounds 
to standard therapies might improve 
outcomes for these cancer patients.

Dr. Fuchs is highly dubious about 
most supplements that claim to fight 
cancer, but he makes an exception for 
vitamin D. “It affects what genes are 
turned on or off in a cell,” he said. “Colon 
cancer cells actually possess receptors for 
vitamin D, and if you expose colon cancer 
cells to vitamin D in the laboratory, it 
inhibits their growth.” Based on a simple 
blood test, Dr. Fuchs learned that colon 
cancer patients with higher levels of 
vitamin D have much better outcomes, 
even if they begin taking the vitamin 
after diagnosis.

Something similar is true for 
marine omega-3 polyunsaturated fatty 
acids, more commonly called fish oil, 
which have been associated with lower 
risk of colorectal cancer. Dr. Fuchs 
recently found that patients diagnosed 
with colorectal cancer have a lower 
risk of dying from the disease if they 
increase their consumption of marine 
omega-3s. If other studies replicate this, 
the finding could have implications for 
future treatment regimens.

Other factors associated with 
the risk of colon cancer can have 
consequences even after a diagnosis 
of the disease. For instance, Dr. Fuchs 

found that patients who exercise are 
more likely to be cured, even if they 
don’t begin an exercise regimen until 
after their diagnosis. Conversely, obese 
people, already at greater risk of getting 
colon cancer, are more likely to have a 
recurrence after being diagnosed.

Dr. Fuchs and his colleagues 
wondered why obesity and sedentary 
lifestyles increase the likelihood of a 
relapse of colon cancer. The answer 
may be insulin, a hormone that 
manages blood sugar. Obese and 

sedentary people overproduce insulin, 
but often not enough to keep blood 
sugar levels in check. The consequence 
is type 2 diabetes (also called adult-
onset diabetes). “Why is that relevant?” 
asked Dr. Fuchs. “Because, in the 
laboratory, insulin can promote the 
growth of colon cancer.” 

Next, he looked to see if type 2 
diabetics are more likely to have poor 
outcomes from colon cancer. “The answer 
was yes,” said Dr. Fuchs. “They have a 
much higher risk of cancer recurrence.” 

Then he posed the same question by 
looking at diet. All food increases blood 
sugar levels; the increase varies with the 
food. Carbohydrates, for instance, drive 
up blood sugar and also cause weight gain. 
When a person’s total intake of food and 
its effect on blood sugar are measured, the 
result is called the dietary glycemic load. A 
high glycemic load diet has been linked to 
obesity, heart disease, and cancer.

Dr. Fuchs wanted to understand if 
a cancer patient’s ability to be cured was 
affected by such a diet. Again, the answer 
was yes, with a higher risk of either 
recurrence or death from the cancer. 
“Then we went to the heart of it,” said 
Dr. Fuchs. “We measured insulin levels 

in colon cancer patients at the time of 
diagnosis, and followed them. We found 
that those with higher insulin levels in 
their blood were more likely to die from 
their cancer.”

He followed the implications of 
these findings farther. Since colon 
cancer patients with type 2 diabetes 
tend to have worse outcomes, they 
concluded that any risk factor for type 2 
diabetes would be bad for colon cancer 
patients. Dr. Fuchs tested this idea 
against a well-known risk factor for 

type 2 diabetes, heavy consumption of 
sugary drinks. He found the expected 
correlation: colon cancer patients who 
drank lots of sugar-sweetened beverages 
were more likely to have a recurrence or 
die from their cancer.

He noticed in the medical literature 
that coffee-drinkers were less likely 
to get type 2 diabetes. This made him 
wonder, given his previous research, if 
coffee-drinkers were also less likely to 
get colon cancer. The answer, again, was 
yes. Further, patients diagnosed with the 
disease lessened their risk of a recurrence 
if they drank more coffee. 

“So, it’s an interesting series of 
studies that speak to potential dietary 
interventions that could augment 
the benefits of treatment,” explained 
Dr. Fuchs, “and moreover, they offer 
potential clues in biology.” 

He intends to continue these 
investigations at Yale. “The opportunity 
to lead an outstanding center is a 
phenomenal opportunity,” he said. “And 
beyond my motivation to lead the Cancer 
Center, the ability to collaborate with the 
great scientists here and access Smilow 
Cancer Hospital to test our findings will 
further advance our research.”

“It’s an interesting series of studies that speak to potential 
dietary interventions that could augment the benefits of 

treatment, and moreover, they offer potential clues in biology.” 



8 9yalecancercenter.org  |  centerpoint magazine

“We argue that 

metabolites in this subset 

of cancers should not be 

shut down or blocked,  

but instead should  

be exploited.”

It seemed counterintuitive, but 
Dr. Bindra wondered if IDH mutations 
somehow made brain tumors more 
susceptible to chemoradiotherapy. He 
explored this hunch in his lab by creating 
a model cell line and making it IDH-
mutant. In the summer of 2015, his lab 
screened 3,000 cell lines. “We tested 
whether the mutation induced sensitivity 
to radiation chemotherapy,” he said, 
“and that’s exactly what we saw.” 

This was the first discovery. To 

Dr. Bindra, the next counterintuitive 
implication was clear: instead of 
blocking IDH mutations, exploit them. 
But how? 

His lab began testing drugs on 
the mutated cell lines, looking for 
something that increased the mutation’s 
sensitivity. In January 2016, a research 
fellow in his lab named Nathaniel 
Robinson, MD, told Dr. Bindra that 
the drug screen had turned up only one 
hit, on a drug called olaparib that was 

approved against ovarian cancer. The 
surprise: olaparib was a PARP inhibitor. 

“That was the big aha moment,” 
said Dr. Bindra. “We realized that we 
were on to something that could be 
clinically significant.” 

PARP—poly (ADP-ribose) poly-
merase encompasses a group of proteins 
crucial to the continuous process of 
repairing damaged DNA. Regardless of 
whether a cell is normal or cancerous, if 
its faulty DNA isn’t mended or removed, 

it will die. PARP inhibitors block one of 
the main pathways by which cells fix 
damaged DNA. Olaparib potently kills 
cancer cells with BRCA1 and BRCA2 
mutations, known to cause ovarian, 
breast, pancreatic, and prostate cancers, 
because BRCA proteins are important 
for a second pathway of DNA repair. 
The cancer cells cannot survive the 
effect of olaparib on DNA repair when 
the BRCA-related DNA repair pathway 
is also defective. 

Dr. Bindra’s discovery excited him 
because if IDH mutations resemble 
BRCA mutations and respond similarly 
to a PARP inhibitor, new possibilities 
opened for treating brain cancer. The 
discovery also called into doubt the 
current standard of care for treating 
patients with IDH mutated gliomas.

Though Dr. Bindra had established 
that IDH mutations respond to a PARP 
inhibitor, he did not know how and 
why. He turned to colleagues at Yale, 
beginning with Peter M. Glazer, MD, 
PhD, Robert E. Hunter Professor of 
Therapeutic Radiology and Professor of 
Genetics, and Chair of the Department of 
Therapeutic Radiology. A decade earlier, 
Dr. Bindra had been a PhD student in 
Dr. Glazer’s lab. More recently, in 2012, 
Dr. Glazer recruited Dr. Bindra away 
from Memorial Sloan Kettering to start 
his own lab at Yale. Dr. Bindra’s former 
mentor became his partner.

Dr. Glazer immediately saw the 
importance of Dr. Bindra’s discovery. 
He assigned a graduate student, 
Parker Sulkowski, to dig into the 
biological mechanisms involved. Mr. 
Sulkowski, along with Chris Corso, 
MD, PhD, a resident in Dr. Bindra’s 
lab, did the animal work critical 
to providing proof of principle. 
Important additional assistance came 
from the labs of Stephanie Halene, 
MD, PhD, Associate Professor of 
Medicine, Hematology; and Murat 
Günel, MD, FACS, FAHA, Nixdorff-
German Professor of Neurosurgery 
and Professor of Genetics and of 
Neuroscience, and Chief of Neuro-

surgery at Yale New Haven Hospital. 
Previous research had established 

that mutated IDH pumped out a mutant 
metabolite called 2-Hydroxyglutarate 
(2HG) at abnormally high levels. “If a 
mutation is making something that it 
shouldn’t be making,” explained Dr. 
Bindra, “the first and easiest thing to say 
is, ‘Let’s make it stop.’ That’s the typical 

pharmaceutical paradigm.” In this case 
the result was enasidenib, developed by 
Agios Pharmaceuticals. 

But Drs. Bindra and Glazer thought 
enasidenib solved the wrong problem. 
“They are correct that 2HG makes a 
tumor,” said Dr. Bindra. “Where they 
went wrong was to say, ‘We have to 
close this door because we know this 
mutation opened it.’ Think of it like 
a horse in a barn. That first mutation 
likely broke the lock on the door, and 
the horse started running. So by the 
time they closed the door, the horse was 
long gone.” 

That is, the initial mutation creates 
a malignant cell, but the real problem 
comes later, as unrepaired DNA 
triggers lots of other mutations. “By 
then, stopping the metabolite doesn’t 
do much to help you on the malignant 
phenotype,” said Dr. Glazer. “Instead, 
let the metabolite be made and then 
exploit the vulnerability it creates.” 

enasidenib was supposed to improve outcomes for people whose brain tumors carried 
the mutation. But in the clinic, Dr. Bindra, Assistant Professor of Therapeutic Radiology 
and Pathology, found that patients with the mutation who didn’t receive enasidenib were 
responding more strongly to chemoradiotherapy than the patients who received the 
targeted drug. Enasidenib did perform as advertised, blocking IDH mutations. So why the 
discrepancy in responses between patients who did and did not take the drug? 
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That insight came out of Dr. 
Glazer’s lab in the summer of 2016. 
“There are six or seven DNA repair 
pathways identified in human cells,” 
he said. “The metabolite 2HG inhibits 
one of them (the one related to BRCA 
mutations), so the cell has a deficiency 
in DNA repair. As with BRCA-deficient 
cancers, when the PARP inhibitor 
inhibits another DNA repair pathway, 
the cancer cell is even worse off.” 

Much worse, Dr. Bindra, Dr. 
Glazer, and their colleagues found that 
the combination of the IDH mutation 
and the PARP inhibitor increased the 
death of brain cancer cells 50-fold.

In February, they published 
their findings in Science Translational 
Medicine. The paper created a stir among 
researchers, physicians, and patients. 
A small phase I trial is underway at 
Yale Cancer Center. A larger phase II 
trial has been approved by the National 
Cancer Institute and is planned to 
launch at the end of summer, with about 
50 patients at 35 cancer centers.

Recent research has found IDH 
mutations in many cancers, including 
melanoma, acute myeloid leukemia, 
gastric cancer, colorectal cancer, liver 
cancer, cholangiocarcinoma, and others. 

“We argue that metabolites in this 
subset of cancers should not be shut 
down or blocked, despite the knee-jerk 
desire to do it, but instead should be 
exploited,” said Dr. Bindra. “So the 
implications are profound. We may need 
to re-evaluate and take a completely 
different route when the conventional 
pharmaceutical approach suggests one 
way but the biology says to go 180 degrees 
the other way.” Drs. Bindra and Glazer 
are now researching whether 2HG can 
function as a biomarker for selecting 
tumors treatable with PARP inhibitors.

“It’s a testament to following the 
biology,” said Dr. Bindra. “It’s also a 
testament to translational science at 
Yale. I can’t think of another institution 
where we could have gone so seamlessly 
from the clinic to the lab and back to 
the clinic.”

Dr. Bindra and Jennifer Garbarino, a second year PhD student.


