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Taking Immunotherapy
To The Next Level
Cancer researchers Dr. Nabil Ahmed and Dr. Stephen Gottschalk are tweaking immunologic technology to attack osteosarcoma, a cancer that
can hide from the usual immune cell strategies.
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STARTING SMALL: HOW ABOUT MICE?
Talking about CAR T cell therapy—unleashing
the chimera on cancers—is fine and good,
but what about data? Ahmed and Gottschalk
are not simply putting down ideas on paper;
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head of a lion, able to roar out an invitation

they have experience—first in mice. Ahmed,
Gottschalk and their colleagues developed a
lung metastatic model of osteosarcoma in mice,
with very promising results. They demonstrated
in mice that various subtypes of osteosarcoma
express HER2 at levels that, in contrast to HER2
antibodies like trastuzumab, can be efficiently
targeted using CAR T cells decorated with the
HER2 targeting CAR. Indeed, the investigators
found that there is a higher level of HER2
expression on osteosarcoma stem cells makes
them particularly susceptible to HER2-CAR
T cells despite being generally resistant to
chemotherapy typically used in osteosarcoma
regimens. In the mouse model, HER2-CAR T
cells exhibited a potent anti-tumour effect
even against bulky, established lung and other
vascularized osteosarcoma metastases. They
published their data in the journal Molecular
Therapy in 2009, and numerous researchers
since then have referred to it. Ahmed and
Gottschalk used this data as the justification for
launching a first-in-man trial using autologous
HER2-CAR T cells for advanced osteosarcoma.
THE CHIMERA IS SAFE AND EFFECTIVE
With the efficacy of HER2-CAR T cells in mice
established, Ahmed and Gottschalk turned to
human disease. They and their colleagues took
patients with recurrent or refractory HER2positive sarcoma received escalating doses of
HER2-CAR T cells to assess effectiveness and
safety of the approach. After all, the chimera
may attack the cancer—which is a good
thing—but it may also attack the patient’s own
cells. In a study named HEROS, that is HER2
for OSteosarcoma, that was later published
in the May 2015 issues of the Journal of

WHERE DO THEY GO FROM HERE?

approach to progressive osteosarcoma. In a

The development of effective
targeted therapies for osteosarcoma
is hampered by the limited number
or low expression of known tumour
antigens, such as HER2. HER2,
one of few antigens expressed by
osteosarcoma, is quite attractive
for immunotherapy since it is
expressed in > 60% of primary
osteosarcoma and correlates with a
poor outcome. But although HER2 is
a validated target for breast cancer
immunotherapy, its expression on
osteosarcoma cells is low, rendering
HER2-antibody therapy less
effective. That’s where the HER2CAR T cell comes in.
The results of the study were exciting. Two of
the patients actually had their tumours biopsied
six and 12 weeks after the infusion and HER2CAR T cells were detected at tumour sites. So
the chimeric cells actually made it to the target.
Of 17 evaluable patients in the study, four had
stable disease for 12 weeks to 14 months after
the treatment. Three of these patients had
their tumours removed. In one, the tumour had
actually undergone necrosis by almost 90%.
So the chimeric cells actually did the work they
were designed to do.
The median overall survival of all 19 infused
patients was 10.3 months, with a range of 5.1
to 29.1 months, which was good considering
these were patients who had recurrent or
refractory disease and most had bulky disease
at the time of HER2 CAR T cell administration.
With this study, Ahmed, Gottschalk and their
associates had the first evaluation of the safety
and efficacy of HER2-CAR T cells in patients
with sarcomas. They showed that the cells
can be given systemically without evident
toxicity to the patient, setting the stage for
studies that combine HER2-CAR T cells with
other immunomodulatory approaches to

study design that has already been approved by
the National Institutes of Health’s Recombinant
DNA Advisory Committee (RAC), the Institutional
Biosafety Committee of Baylor College of
Medicine and by Baylor’s Institutional Review
Board, the researchers have initiated a study
that builds on their exciting findings, entitled
Administration of HER2 CAR Expressing T cells
to Subjects with Advanced Osteosarcoma:
NCT00902044. This study, named HEROS 2.0,
Ahmed and Gottschalk will give autologous
HER2 CAR T cells after creating a “lymphocyte
space” that will be permissible of expansion the
administered T cells and their persistence past
the 6 week period seen with The HEROS Study.
With this study, Ahmed, Gottschalk and
their colleagues plan to enrol patients with
progressive HER2-positive osteosarcoma who
have failed standard-of-care therapy. These
patients will be treated with HER2-CAR T cell
infusion, provided that: their T cell lines can
be properly modified to work; they have a
life expectancy of more than six weeks; they
an appropriate physical activity scale; and
acceptable organ function for the therapy. In
the first human study, Ahmed and Gottschalk
assessed about eight to twelve patients per
year for enrolment, with approximately 80%
of them being found to have HER2-positive
tumours. With the same attrition factor as the
first, smaller study—which was about 25%—
recruitment and infusion of 12 to 15 patients
would be feasible over a projected two-year
study period.
One important question the researchers need to
answer in The HEROS 2.0 Study is the question
of lymphodepletion. When T cell therapies are
used in patients—such as here, with HER2-CAR
T cells being administered to fight the cancer—
the native T cells in the patient’s body tend to
inhibit the proliferation of the administered
therapeutic T cells via a normal T cell regulatory
mechanism mediated by regulatory T cells,
or Treg cells. Obviously, a person’s T cells
www.scientiapublications.com

cannot replicate out of control—that would
be tantamount to a case of leukaemia. The
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body has mechanisms in place to prevent such
proliferation. However, if you plan to inject
someone with T cells designed to kill the cancer
cells, you would like them to multiply and

Dr. Nabil Ahmed

Dr. Stephen Gottschalk

spread throughout the body, essentially on a
search-and-destroy mission. The more soldiers
in your army, the better you are at searching
out the enemy. One strategy to achieve this,
is to treat patients before HER2-CAR T cell
infusion with the chemotherapy medications
cyclophosphamide (CY) and fludarabine (FLU),
drugs that kill of many of the native T cells in
the body. That way, the HER2-CAR T cells are
free to multiply unregulated—at least until
the normal T cells can regenerate themselves-and search out cancer cells to attack. The
researchers will use different regimens of CY,
FLU, or both to see if lymphodepletion is truly
necessary during HER2-CAR T cell therapy, and
if so, how much depletion is necessary.
WHAT DO THEY HOPE TO FIND?
In the end, though, Doctors Ahmed, Gottschalk
and their co-workers plan The HEROS 2.0 Study
to answer three questions:
First, is it safe to use autologous HER2-CAR
T cells in patients with advanced HER2positive osteosarcoma after lymphodepleting
chemotherapy? In their original study, HEROS,
the researchers found no ill effects. Here,
however, when you deplete the patient’s own T
cells so you can infuse them with HER2-CAR T
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cells, will that cause any problems?
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result, even though it might expose the patient
to obviously toxic chemotherapy. Using several
levels of CY/FLU lymphodepletion therapy
should help answer that question.
Finally, how long will the HER2-CAR T cells
persist in the patients’ bodies, will they multiply
and expand their numbers and will they attack
the tumour cells successfully? In HEROS, things
looked promising, but they only have data on a
small number of patients. Here is the major aim
of the study. After all, advanced osteosarcoma is
the target and HER2-CAR T cells are the bullets.
Ahmed and Gottschalk need this study to show
how close they can hit the bull’s eye.
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