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L 
ike man� with liver 
tumors, __ had run 
out of options. Then Sunil 
Krishnan, M.D., an assis­
tant professor in the 

Department of Radiation Oncology 
at T he University of Texas M. D. 
Anderson Cancer Center, offered him 
a chance to enroll in a pilot study of 
image-guided radiation therapy using 
implanted gold fiducial markers to 
track the liver's precise location. 

"My doctor recommended it, and 
I don't have anything to lose,"­
said. "I mean, I have cancer, so I've got 
to do something. If they can help me 
and extend my life, I'm all for it." 

- is the fourth patient to be
treated on the pilot study, which uses 
four-dimensional (4-D) computed 
tomography ( CT) treatment planning 
and respiratory gating to tackle the 
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Dr. Krishnan (l) and Kim Tran,
radiation therapist, position­
for treatment. 

problem of liver tumor movement 
during breathing. So far, this method 
of treatment delivery has shown 
astounding accuracy in pinpointing 
the location of liver tumors. 
Investigators hope that by perfecting 
the art of hitting a moving target, 
they will be able to deliver higher 
doses of radiation with less damage 
to normal liver tissues. 

Liver tumors are relatively rare in the 
United States, but their incidence is 
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Zeroing In on a Moving Target 
(Continued from page 1) 

rising, mainly because of an increase in 
hepatitis B and C infections. Treatment 
for primary (mainly hepatocellular 
carcinoma) and metastatic liver tumors is 
largely ineffective. Liver transplantation 
has the highest 5-year survival rate 
(50% to 71 %), but it is limited by a 
shortage of livers for transplant. Among 
other treatments, surgery is the most 
effective, with a 5-year survival rate 
of 31 % to 56%. However, fewer than 
15% of patients with hepatocellular 
carcinoma are candidates for surgery 
or transplantation. 

The remaining 85% of patients with 
unresectable liver tumors 
have few potentially 
curative treatment 
options. Systemic 
chemotherapy results 
in response rates of less 
than 20% and has no 
effect on survival. 
Treatment with locally 
ablative therapies, 
such as percutaneous 
ethanol injection and 
radiofrequency ablation, 
can be successful, but 
only in tumors smaller 
than 5 cm. 

For many years, 
radiation therapy was 
not considered a viable 
option for treating liver 
tumors because the 
maximum tolerated 
dose for whole-liver 
irradiation, 30 Gy, 
is much lower than 
therapeutic levels. 
Although the liver has the ability to 
regenerate after resection, it is unable 
to do so after radiation therapy and is 
easily damaged by radiation. Also, 
radiation-induced liver disease can 
occur if too much of the normal liver 
tissues are irradiated. 

More precise imaging techniques 
The outlook for the treatment of 

liver tumors with radiation began to 
change in the early 1980s when radia­
tion oncologists started using three­
dimensional conformal and intensity­
modulated radiation therapy to escalate 
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the dose to liver tumors focally and 
limit the dose to normal liver tissue. 
This shift toward more targeted radia­
tion therapy has been made possible 
by more precise imaging techniques, 
including three-dimensional CT. T he 
standard imaging technique used for 
conformal radiation therapy is to take 
simulation CT scans for treatment 
planning a few days before radiation is 
delivered. Marks made on the patient's 
body are aligned with the internal 
anatomy and treatment beams. Then, 
marks on the patient's body are aligned 
with lasers in the radiation treatment 

entire estimated range of motion, plus a 
wide margin, which resulted in exposure 
of a large volume of normal liver tissue 
to radiation. 

Refining the state-of-the-art 
Today, 4-D CT, which involves 

taking CT scans of the tumor at each of 
10 designated phases in the respiration 
cycle, is the standard of care for radia­
tion treatment planning at M. D. 
Anderson, but investigators are working 
to improve the accuracy even further. In 
a pilot study initiated by Dr. Krishnan 
and his colleagues Ors. Sam Beddar and 

Tina Briere in the 
Department of Radiation 
Physics, 4-D CT is being 
combined with intrave­
nous contrast to obtain 
pretreatment images 
of the liver during the 
entire respiratory cycle. 
"I think we're the only 
group in the country 
that is routinely using 
4-D scanning with
intravenous contrast for
imaging liver tumors,"
Dr. Krishnan said.

I think we're the only group in 

the country that is routinely 
using 4-D scanning with 
intravenous contrast for 

Once 4-D CT scans 
are obtained, the stan­
dard approach is to 
define an internal 
treatment volume that 
encompasses the tumor 
in all 10 phases of the 
respiratory cycle. Treat­
ment is then delivered 
via three-dimensional 

imaging liver tumors." 

- Dr. Krishnan

room to reproduce the positioning 
during simulation. 

''This works really well for static 
tumors," Dr. Krishnan said, "but 
the liver is assumed to have an up 
and down motion due to breathing." 

This type of organ motion during 
radiation treatment delivery, which is 
known as intrafraction movement, can 
cause the radiation beam to miss its 
target. Twenty years ago, radiation 
oncologists accounted for the 
intrafraction movement of liver tumors 
by expanding the treatment margin 
around the tumor to encompass the 

conformal or intensity­
modulated radiation therapy. Although 
this technique is state of the art, Dr. 
Krishnan and his colleagues are working 
to refine it. In their pilot study, they are 
using a different technique to account 
for intrafraction motion-respiratory 
gating. 

In gated radiation therapy, the linear 
accelerator is triggered to begin deliver­
ing radiation at a specific point in the 
respiratory cycle. At another specified 
point, radiation delivery is halted. In 
standard gated treatment delivery, a 
small box is placed on the patient's 
stomach as a standard of reference, 
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and its location throughout respiration
is recorded by a camera. The motion of
the box, or external fiducial, is used to
track the motion of the tumor inter-
nally, but there is no guarantee that
the correlation between the external
fiducial and the tumor is consistent.
The two objects move differently,
and that, combined with residual
movement of the tumor during gating,
can cause significant errors in treatment
delivery. “The box is an external
surrogate for what’s going on inside,
but we felt that an internal surrogate
would be more accurate,” Dr. Krishnan
said.

To track the movement of the tumor
internally, investigators are using three
gold fiducials implanted inside the liver.
In consultation with Dr. Krishnan, Ravi
Murthy, M.D., an associate professor in
the Department of Diagnostic Radiol-
ogy, inserts the fiducials, spacing them
three-dimensionally 2 to 3 cm apart,
preferably outside the tumor itself. After
the fiducials have had 2 to 3 days to
settle into their permanent positions
in the liver, 4-D CT with intravenous
contrast is used to obtain treatment-
planning images. The patient is then
taken to the combined CT-linear
accelerator treatment room, where an
electronic portal imaging device is used

• Pilot study of image-guided radiation
therapy using implanted fiducial
markers in hepatobiliary tumors
(2005-0024). Physician: Sunil
Krishnan, M.D.

• Phase II stereotactic body radio-
therapy for stage I (T1-T2, N0, M0),
selective stage II (chest wall T3,
N0M0), or isolated peripheral lung
recurrent non-small cell lung cancer
(2005-0574). Physician: Joe Y.
Chang, M.D., Ph.D.

• Assessing the magnitude and
potential impact of respiration-
induced 3-dimensional motion of
tumors and normal tissues using 4-
dimensional CT technology (2003-
0962). Physician: James D. Cox, M.D.

to test whether the external fiducial
consistently tracks the movement of the
internal fiducials. If a reliable correla-
tion cannot be found, the patient will
receive 4-D CT–based conventional
radiation therapy.

“So far, though, the study results
have far exceeded our expectations of
how accurate we could be,” said Dr.
Krishnan. “The positioning accuracy
is unparalleled. For a moving target,
2- to 3-mm accuracy is an amazing
degree of accuracy.”

The study, which is still open and
accruing patients, is designed for people
with liver tumors larger than 4 cm and
no extrahepatic disease. Dr. Krishnan
pointed out that a larger, prospective,
multi-institutional study will be needed
to measure outcomes of the experimen-
tal treatment. He hopes that the
combination of 4-D CT–based gated
radiation therapy and stereotactic
radiation therapy techniques will reduce
the number of treatment fractions in
standard photon therapy for liver
tumors from about 30 to 5. He also is
optimistic that the techniques used in
the current pilot study can be applied
to proton therapy. ●

FOR MORE INFORMATION, contact
Dr. Krishnan at (713) 563-2377.

Fifth International
Meeting on
Hepatocellular
Carcinoma

This conference will review

and discuss state-of-the-art

multidisciplinary treatment

of patients with hepatocellular

carcinoma. Innovative strategies

for diagnosis and treatment will

be emphasized, including surgical

and non-surgical treatment and

transplantation. The conference will

be beneficial for surgeons, gastro-

enterologists, medical oncologists,

radiologists, radiation oncologists,

physician assistants, and nurses

involved in the research and care

of patients with liver cancer.

Participants can earn up to 15.00

AMA PRA Category 1 Credits for

continuing medical education.

Deadline for advance registration is

Dec. 22. For more information, visit

www.mdanderson.org/conferences

online, or email the Department of

CME/Conference Services at

register@mdanderson.org.

• Image-guided adaptive intensity-
modulated radiation therapy for head
and neck cancer (2004-0064).
Physician: Adam S. Garden, M.D.

• Assessment of the reliability of
implanted fiducials for tracking of
respiratory-induced tumor motion
(ID03-0208). Physician: George
Starkschall, Ph.D.

• Phase II trial comparing 4-dimen-
sional CT–derived ventilation versus
SPECT/CT Tc-99m aerosol ventila-
tion in patients with lung cancer
(2006-0698). Physician: Thomas M.
Guerrero, M.D., Ph.D.

FOR MORE INFORMATION, visit
www.clinicaltrials.org, or call
(800) 392-1611 or (713) 792-3245.

January 11-13, 2007

The University of Texas

M. D. Anderson Cancer Center

Robert C. Hickey Auditorium

11th Floor, R. Lee Clark Clinic
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said Dr. Weber. “Fortunately, we
were among the first to begin trials to
confirm its efficacy. This patient did
well on thalidomide, and subsequent
thalidomide combinations controlled
the disease until about 2 years ago.
By that time the field of myeloma was
in a new phase of discovery and we
were able to try another new agent,
bortezomib.” Bortezomib (Velcade)
is one of a new class of drugs called
proteasome inhibitors and was approved
by the FDA for resistant multiple
myeloma in May 2003.

And the patient? “He achieved his
best response ever, a complete remis-
sion, on bortezomib,” said Dr. Weber.

That patient was far from alone in
having so few treatment choices against
so lethal a cancer. Multiple myeloma,
also called myeloma or plasma cell
myeloma, accounts for 13% to 33%
of all hematologic cancers and affects
50,000 people in the U.S. alone. A
patient diagnosed with multiple my-
eloma is typically 65-75 years old and
faces a mean survival time of 3 to 5
years. The disease’s 5-year survival rate
of 32% has remained virtually un-
changed for over 45 years. Although
relapses are common, nearly half the
patients diagnosed with multiple
myeloma will, as a result of these new
treatments, achieve complete remission,
and with time many doctors expect to
see the benefit of novel agents in terms
of survival.

Treatment breakthroughs
Now, with the approval of thalido-

mide, bortezomib, and lenalidomide
for multiple myeloma, there is a whole
new treatment paradigm for multiple
myeloma. Lenalidomide’s potential
would not likely have been discovered
had it not piggybacked on thalidomide’s
rediscovery. Fortunately, several very
persistent and innovative thinkers, over
the course of 30 years, connected the
ideas that angiogenesis might be
important to the growth and spread of
cancer; that thalidomide was possibly
anti-angiogenic; and that multiple
myeloma, a disease for which treatment
progress was slow, might respond to
anti-angiogenic treatment, given that
the bone marrow of patients with
multiple myeloma had been shown to
have significant vascularization. This
was followed by the realization that

IMiDs had many other effects on
processes that drive myeloma cell
growth.

By the early 2000s, Dr. Weber and
colleagues had completed several studies
that confirmed and expanded upon the
results of Dr. Barlogie’s (University of
Arkansas for Medical Sciences [UAMS]
in Little Rock, Arkansas) original
thalidomide trial in patients with
advanced multiple myeloma.

Dr. Weber recalls a series of discoveries
that led to a great deal of attention: “After
the original thalidomide discovery, it was
kind of a fluke that we gave one-tenth the
standard myeloma dose of dexamethasone to
treat a rash in a patient with VAD-resistant
disease being treated with thalidomide. The
patient went into remission and this led to
an observation that 45% of patients
responded to the combination of thalido-
mide and dexamethasone despite prior
resistance to both drugs given as single
agents. This opened the door for many new
combinations for novel and established
agents for treatment of myeloma. In August
2001, the UAMS lead researcher told the
American Cancer Society that because
preliminary studies of thalidomide were so
promising, many oncologists weren’t
waiting; they were using it off-label in
patients whose cancer had failed to respond
to other therapies. He estimated that about
10,000 patients worldwide with multiple
myeloma had received the drug, which
meant there was much more evidence to
publish.

“After that, many trials confirmed
the initial findings for resistant my-
eloma. It was very exciting because of
the dramatic results for resistant disease,
and it was natural for investigation to
expand to untreated patients with
myeloma. Two concomitant trials
(M. D. Anderson, Mayo Clinic)
demonstrated 65% to 70% response
rates in previously untreated patients
with potentially serious but manageable
side effects, which led to a 2001 ran-
domized trial that confirmed thalido-
mide and dexamethasone’s superiority
compared with dexamethasone alone
and subsequent approval of thalidomide
in 2004 for use in treating previously
untreated myeloma patients.

“For the field of myeloma, finding a
new single agent whose activity is nearly
as great as steroids is monumental,”
Dr. Weber said. “When thalidomide
made its reappearance, it changed a lot

of patients’ lives. Myeloma became the
field to watch, and in the last decade,
three new novel agents have been
approved. The growth of the field has
been amazing.”

In 2000, phase I and II clinical trials
demonstrated activity of lenalidomide
in myeloma patients. Dr. Weber and
her team were the national principal
investigators, and two trials proved
lenalidomide had a manageable
adverse effect profile. At high doses,
lenalidomide’s most common toxicities
included thrombocytopenia, neutrope-
nia, and skin rash. Based on these
results, the FDA awarded the drug
a fast track designation for relapsed
and refractory myeloma in February
2003.

Dr. Weber and her team were the
investigators for a North American
phase III trial that proved superiority
of lenalidomide-dexamethasone over
dexamethasone alone for patients with
relapsed multiple myeloma. The results
of this trial were nearly identical to
a concomitant sister trial in Europe,
Australia, and Israel led by Dr. Meletios
Dimopoulos. By March 2005, these two
ongoing phase III clinical trials demon-
strated lenalidomide-dexamethasone to
be more effective than dexamethasone
alone. The trials were unblinded early,
and patients who had not been given
lenalidomide were given the option of
adding it to their regimen, if warranted.
In June of this year, lenalidomide
received FDA approval for use in
combination with dexamethasone as
a treatment for patients with multiple
myeloma who have received at least
one prior therapy.

And next?
Dr. Weber suspects the advances

will continue. “As the novel agents help
translational scientists unravel the basic
mechanisms of the plasma cell and its
microenvironment, it may be possible
to develop new agents to attack these
novel pathways and to learn more
about the development of resistance
to treatment and how to avoid it,” she
said. “It has been an amazing decade for
this disease. There has been a revolu-
tion in the field providing a promising
future for patients with myeloma.”

FOR MORE INFORMATION, contact
Dr. Weber at (713) 792-2850.










