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FROM HER VANTAGE POINT at Rutgers Cancer Institute of New 
Jersey, Janice Mehnert, MD, has had a front-row seat to the 
immuno-oncology revolution. Mehnert returned to her alma 
mater in 2007, and since 2014, she has headed Rutgers’ Phase I/
Developmental Therapeutics Program; she is also head of the 
melanoma research team. Her work on the KEYNOTE-028 trial 

has produced important results in multiple 
cancers, including neuroendocrine tumors, 
thyroid cancer, small cell lung cancer, and, 
recently, advanced ovarian cancer.1-4 

Mehnert has shared how, as a native of 
the Jersey Shore, she is especially attuned to 
the risks for her patients with melanoma.5 

Early on, she studied the use of ipilimumab 
(Yervoy) in patients who were excluded from 
clinical trials; in 2013, she was the senior 

author on case studies of 2 patients who received the treatment 
while living with hepatitis B and C, respectively.6

Her findings are broad and sometimes unexpected. In 2014, 
she achieved a spectacular result in a 53-year-old woman with 
endometrial cancer whose disease had returned after aggressive 
chemotherapy. Mehnert treated her with pembrolizumab (Key-
truda) and saw what she called a “rapid and durable response.”7 

But the question remained: How did this happen? 
The Rutgers Cancer Institute’s Precision Medicine team found 

more than 30 mutations in the patient’s tissue samples, and 
the answer turned out to be polymerase epsilon, or POLE, seen 
in 10% of endometrial cancers. As described in the Journal of 
Clinical Investigation,8 their analysis showed that POLE mutation 
was associated with both a high mutation burden—already seen 
in the tissue—and an elevated expression of immune checkpoint 
genes, increasing the chances that checkpoint inhibitors would 
produce a response. Thus, Mehnert’s use of pembrolizumab had 
uncovered a solution for not just 1 patient but possibly other 
women with the same mutation.

By contrast, Mehnert said in an interview that much of the science 
will involve the patients who don’t respond to the programmed cell 
death 1 (PD-1) and programmed cell death ligand 1 (PD-L1) inhibi-
tors. Who are they, and what can be done for them? Identifying these 
patients and finding treatments for them calls for more work with 
biomarkers, a topic Mehnert has written about extensively. 9,10
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INTRODUCTION
Hepatocellular carcinoma (HCC) is a primary 
malignancy of the liver occurring predominantly in 
patients with underlying chronic liver disease. World-
wide, more than half a million new cases of HCC are 
diagnosed annually,1-3 with approximately 31,000 
new cases expected in the United States in 2018.1 Un-
like most other cancers, the incidence of and deaths 
from HCC in the United States are rising.4,5 

HCC and its treatment impose a large humanis-
tic burden on patients and caregivers, as well as an 
economic burden on patients and payers. Under-
standing the scale of these burdens (and changes 
over time) is important for making reimbursement 
decisions. To gain a current perspective, we 
performed a systematic review of the direct and 
indirect costs of HCC and its treatment and the 
humanistic aspects of HCC and impacts on patient 
quality of life (QOL).
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of Glioblastoma Treatment? 
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IMMUNOTHERAPY HAS SEEN GREAT success in the 
treatment of numerous cancers, from melano-
ma to lung, breast, colorectal, kidney, and even 
some brain cancers.1 But thus far, despite several 
attempts, the devastating brain disease glioblas-
toma has not been among the immunotherapy 
success stories. In fact, glioblastoma researchers 
have had few advances in more than a decade.2,3
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However, the next year may bring a different story for 
immunotherapy in treatment of glioblastoma. Researchers 
and physicians are anxiously awaiting the results of a study 
investigating nivolumab (Opdivo) in patients with glioblas-
toma. Two current phase 3 randomized trials with nivolumab 
have completed accrual of patients and are waiting for data to 
mature. 4,5 According to clinicaltrials.gov, the first, CheckMate 
498, has a scheduled completion date of October 2019. 

Evidence-Based Oncology™ (EBO) spoke with David 
Reardon, MD, a neuro-oncologist at the Dana-Farber Cancer 
Institute and the lead author on the first phase 3 study of an 
immune checkpoint inhibitor in glioblastoma, CheckMate 
143.6 Reardon explained that the forthcoming results are 
“highly anticipated studies that we’re critically waiting on 
… we’ll know if the results were successful for 1 or both 
[studies], and those could be the basis for an FDA approval.”

Glioblastomas are malignant grade 4 tumors that make 
up about 15% of all brain tumors and are projected to be 
diagnosed in nearly 210,000 people globally each year.7 
Glioblastomas may present de novo, described as beginning 
“as a grade 4 tumor with no evidence of a lower grade 
precursor.”8 Conversely, a secondary glioblastoma may 
progress from a lower-grade tumor and evolve over time. 

These tumors are notoriously difficult to treat. Traditionally, 
glioblastomas are diagnosed as either isocitrate dehydroge-
nase (IDH)-wildtype or IDH-mutant tumors. IDH-wildtype 
glioblastomas are more common; they are responsible for 
about 90% of all diagnosed glioblastomas, tend to be more 
aggressive, and generally have a worse prognosis than 
IDH-mutant glioblastomas.9 

In recent years, glioblastoma has claimed the lives of 
several high-profile individuals, including former Delaware 
Attorney General Beau Biden, the son of former vice president 
Joe Biden10; Arizona Senator John McCain; and Massachusetts 
Senator Edward Kennedy.11 In 2016, Joe Biden spent his final 
year as vice president leading the Cancer Moonshot initiative, 
which seeks to rapidly develop vaccine immunotherapies to 
fight cancer, including glioblastoma.12

In 2018, the former vice president and his wife, Jill Biden, 
EdD, founded the Biden Cancer Initiative to promote data 
sharing, reduce disparities of care, and bring more patients 
into the cancer research process.13 (The Biden Cancer 
Initiative is a is a Strategic Alliance Partner of The American 
Journal of Managed Care®; this program promotes collab-
oration in patient education and administration policies 
for cancer prevention, detection, diagnosis, research, and 
care approaches.) 

Not Well Understood, Difficult to Treat
In an interview with EBO, Michael Lim, MD, director of the 
brain tumor immunotherapy program at Johns Hopkins Med-
icine Sidney Kimmel Comprehensive Cancer Center and pro-
fessor of neurosurgery, explained that 1 reason glioblastomas 
are so difficult to treat is that knowledge of the disease is so 
limited. “Part of the answer is that [there is so much] we don’t 
know. We do know that it’s a very aggressive tumor, and it has 
many mechanisms to make it aggressive. It suppresses the 
immune system at a very profound level; it does things like 

angiogenesis, where [the tumor] can provide its own blood 
vessels, and it’s behind the blood–brain barrier,” he said.

Treatment of glioblastoma usually requires the combina-
tion of several approaches, including surgery, radiation, and 
chemotherapy. Although surgery is widely seen as the best 
way to get a jump-start on treating the disease, complete 
resection can be difficult—frequently impossible—because 
the tumor often overlaps with healthy brain tissue. Additional 
treatments, such as angiogenesis inhibitors, may be used as 
a second-line agent for recurring tumors or those that have 
been unresponsive to treatment.

With standard treatment, median survival for adults with 
glioblastoma IDH-wildtype is around 11 to 15 months. For 
patients with IDH-mutant glioblastoma, the prognosis is 
significantly better, with median survival between 27 and 
31 months. However, certain factors can contribute to an 
improved prognosis, such as if a patient is younger than 
50 years or if oncologists have been able to accomplish a 
near-complete surgical removal of the tumor.8 

Despite continued research to create more effective, 
novel therapies, none to date have significantly impacted 
patient mortality. In fact, since 2005 only 3 new treatments 
have been approved by the FDA to treat glioblastoma: 
temozolomide, bevacizumab, and tumor-treating fields.14 
Glioblastoma researchers have been hopeful that a significant 
path to improved prognosis lies within the emerging field of 
immunotherapy. 

A New Treatment Frontier 
Immunotherapy is a treatment designed to stimulate a 
patient’s own immune system to fight disease, including 
cancer. In the past few decades, immunotherapy has become 
an integral part of treating certain kinds of cancer. It works 
in a number of ways2: Some types of immunotherapy boost 
the body’s immune system in a general way to help it fight 
against foreign antibodies, while other types, such as chi-
meric antigen receptor (CAR) T-cell therapies, involve use of 
individually engineered T-cells to attack cancer cells. Blood 
cancers have had significant responses to CAR T-cell therapy, 
although results have not been replicated to a large degree in 
solid tumors thus far. 

To date, much of the research involving the potential of 
CAR T-cell therapy to treat glioblastoma has focused on 
modifying T cells to recognize EGFRvIII. Although clinical 
trials studying EGFRvIII-targeted CAR T cells have not shown 
an improvement in patient mortality or shrinking of the 
tumor, progress was made: The trials have demonstrated that 
the treatment can elicit an immune response in the brain.15 
Now, researchers’ next step is to figure out how to strengthen 
this response enough to make it able to kill tumor cells. 

Unfortunately, several other immune-based treatments that 
looked highly effective in early trials proved disappointing in 
larger, phase 3 studies.2 (Reardon is also the lead investigator 
for a trial involving the immunotherapy durvalumab.16) An 
encouraging silver lining, offered Lim, is “just the fact that we 
have had some phase 3 [immunotherapy] trials in glioblas-
toma. For years we had a hard time getting past phase 2,” he 
said in an interview with the National Cancer Institute.

Is Immunotherapy the Future  
of Glioblastoma Treatment? 

Samantha DiGrande
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David Reardon, MD, of 
Dana-Farber Cancer Center, 
is the lead author on several 
key studies in glioblastoma, 
including the CheckMate 
143 trial.
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However, with glioblastoma comes a whole 
new realm of challenges unseen in the treatment 
of other cancers—most significantly, the blood–
brain barrier. 

Blood–Brain Barrier Challenges
The blood–brain barrier is a layer of cells that 
is designed to protect the brain from virus-
es and toxins circulating in the bloodstream. 
Consequently, the barrier is unable to make the 
distinction between a potentially life-saving 
therapy and a harmful virus. Often, cancer treat-
ments are blocked from reaching their intend-
ed destination. 

“Most therapeutics used for cancer patients, 
like chemo, are not able to get into the brain 
because of the blood–brain barrier,” Reardon 
told EBO. In brain cancer, “90% to 95% of the 
arsenal of therapies don’t penetrate that barrier, 
which makes treatment a major challenge.” 

Furthermore, researchers are beginning to 
understand the nuances involved in how the 
immune system operates within the brain, and 
particularly, how glioblastoma tumors excel at 
evading an immune response. In a recent trial,17 
investigators discovered that T-cell exhaustion 
is particularly prevalent in glioblastoma. 
Exhaustion, described as the upregulation of 
multiple immune checkpoints, is “a known 
contributor to failures amid immune checkpoint 
blockade,” Woroniecka et al, wrote in Clinical 
Cancer Research, and it is most likely the cause of 
the failures of immunotherapies in glioblastoma. 

In recent years, however, the discovery of 
lymphatic vessels in the brain18 and improved 
understanding of effector T-cell trafficking into 
the central nervous system has led to renewed 
enthusiasm for immunotherapeutic approaches 
to treat glioblastoma. 

Immune Checkpoint Inhibitors 
In CheckMate 143, the investigational drug 
nivolumab (Opdivo) failed to increase patient 
survival time compared with patients treated 
with bevacizumab (Avastin).6 However, near-
ly 40% of patients enrolled in the study who 
received nivolumab were also taking steroids, 
which may have played a role in the inhibition 
of an immune response. Reardon explained that 
the concurrent use of steroids, or their use prior 
to administering an immunotherapy treatment, 
could lead to the drug’s lack of efficacy. 

“Many brain cancer patients have a fair 
amount of swelling in the brain from the tumor 
or a treatment—radiation, for example. That 
inflammatory reaction can cause symptoms, like 
headaches. We have traditionally given steroids, 
such as dexamethasone, to decrease swelling and 
improve those symptoms,” Reardon described. 
“Unfortunately, those immunosuppressive 
anti-inflammatories can blunt the immune 
system’s [ability] to attack the tumor.” 

He offered a note of caution for other physi-
cians: “Become more conscientious about 
using corticosteroids and come up with other 
methods that can reduce swelling in the brain, 
because if we continue to do what we have done, 

many patients are just left on them for weeks to 
months at a time—and that will make it more 
difficult for the immune system to respond. We 
are shooting ourselves in the foot when we give 
patients corticosteroids prior.”

Others believe there is still hope for 
nivolumab. In a review of the CheckMate 143 
results, Filley et al, noted that the patients in 
the study had already been treated for some 
time with chemotherapy, which depleted their 
lymphocytes. Given the hurdles present in glio-
blastoma, they proposed, this would mean “any 
PD-1–expressing lymphocytes activated against 
tumor antigens would be expected to have 
already migrated to tumor sites, where they are 
inaccessible to monoclonal antibodies.”19 Thus, 
they wrote, nivolumab might be more effective 
in patients newly diagnosed with glioblastoma, 
because their activated circulating T cells would 
have more success interacting with the agent. In 
patients with recurrent disease, they continued, 
pairing nivolumab with radiotherapy might be 
a better strategy, and in fact, these hypotheses 
are being studied in CheckMate 4984 and 
CheckMate 548.5

Vaccines and Viruses 
Another form of immunotherapy being stud-
ied in glioblastoma is the therapeutic vaccine. 
Instead of being administered for prevention, as 
most are, these vaccines are intended to treat an 
existing disease. 

The vaccine DCVax-L is currently being 
tested in a phase 3 trial involving patients with 
glioblastoma whose tumors could be removed 
surgically. It uses dendritic cells (a type of 
immune cell) that are engineered to provoke an 
immune response against multiple proteins, or 
antigens, on tumors.20

Additionally, researchers are looking at 
oncolytic virus therapy as a potential treatment 
for glioblastoma. Originally, these viruses were 
developed as therapies to directly infect and kill 
cancer cells; however, investigators now believe 
that these viruses work similarly to vaccines 
and are able to stimulate an immune response 
against tumors. 

“I think that there has been a lot of active, 
ongoing research, and the fact that we make 
breakthroughs in other cancers makes us more 
resolute in our drive and hopes to find help 
for patients with glioblastoma, and finding a 
cure,” said Lim. 

Mary Caffrey contributed to this report.
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