
By John LeBas

F
ifty years ago, a diagnosis of multiple
myeloma meant the patient could
expect a short survival period plagued 
by pain from bone lesions, disability,

and fatigue. Progress against this plasma cell
cancer was slow for several decades, and the
few clinical breakthroughs sometimes proved
dangerous and were suitable for only a minority
of patients.

Yet in recent years, novel drugs and rational combinations
of therapeutic agents have yielded better response and remis-
sion rates with less toxicity, and the end result has been
longer overall survival. “The median overall survival dura-
tion was less than 2 years 50 years ago, before we had any
chemotherapy for multiple myeloma. Now, the median 
overall survival duration is about 5 years for all patients, 
with perhaps 20% living for more than 10 years,” said
Raymond Alexanian, M.D., a professor in the Department 
of Lymphoma and Myeloma at The University of Texas 
M. D. Anderson Cancer Center. “And the longer we can

control these patients’ disease, the greater chance they 
have of outliving it.” 

Developing successful treatments has been an exercise in
perseverance, and although specialists at M. D. Anderson are
happy about the progress, they are quick to explain that much
work remains. A cure is still elusive, and current therapies are
focused on inducing partial or complete remission and sustain-
ing that remission as long as possible.

“Just about all multiple myeloma patients who achieve
remission will relapse. And the next time we give them treat-
ment, the disease is usually a lit-
tle bit more resistant to thera-
py,” said Robert Orlowski, M.D.,
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Overall survival of patients taking bortezomib
(Velcade) or bortezomib plus pegylated liposomal
doxorubicin (PLD, Doxil) for treatment of multiple
myeloma. In this study, patients taking bortezomib plus PLD
were more likely to survive than patients taking bortezomib
alone. Recent success against multiple myeloma is credited to
novel combinations involving newer agents such as bortezomib
and PLD. These combinations often produce more effective
results with less toxicity than older agents. 
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Ph.D., an associate professor and chief 
of the Myeloma Section in the De-
partment of Lymphoma and Myeloma 
at M. D. Anderson. “Also, therapy that
is effective against myeloma cells must
sometimes be given at doses that are
somewhat damaging to healthy tissues.
Therefore, our goal is always to reduce
the amount of myeloma cells in the bone
marrow, hopefully to undetectable levels,
with a minimum overall amount of ther-
apy. Fortunately, we have identified com-
binations of agents that are increasing
the effectiveness of both frontline and
later-line therapy.”

Better therapeutic agents
In the past 5 years, the U.S. Food

and Drug Administration has approved
four therapeutic agents for multiple
myeloma: bortezomib (Velcade), tha-
lidomide (Thalomid), lenalidomide
(Revlimid), and a combination of dox-
orubicin encapsulated in a liposome
(pegylated liposomal doxorubicin,
Doxil) and bortezomib. These agents’
mechanisms of action vary. Bortezomib
is a proteasome inhibitor that induces
apoptosis (death) of myeloma cells;
thalidomide and lenalidomide are
immunomodulatory agents that can slow
or stop myeloma reproduction; and dox-
orubicin inhibits the DNA functions of
cancer cells and induces apoptosis.

While each of
these agents has indi-
vidual activity against
multiple myeloma, it’s
the enhanced activity
gained by combining
them with older,
established agents,
such as the glucocor-
ticoid dexamethasone
and the alkylating
agents melphalan and cyclophospha-
mide, that has produced the most head-
way against the disease in recent years.
“Such combinations produce more effec-
tive anti-myeloma activity with less
added toxicity,” Dr. Alexanian said.
Also, the newer agents can sometimes
resensitize myeloma that has become
refractory to previously administered
drugs. And both lenalidomide and
bortezomib, relatively new drugs, yielded
such positive results as second-line ther-
apies that they are rapidly becoming
part of standard frontline treatment
combinations.

Safer stem cell transplantation
To be most effective against multiple

myeloma, some agents, especially mel-
phalan, must be given at high doses that
are likely to damage or destroy the bone
marrow. In the past, the aggressive
nature of this approach decreased the

proportion of patients to whom it 
could be applied. But today, because 
of improvements in supportive care 
and a better understanding of which
patients benefit most, about two-thirds
of patients are candidates for intensive
therapy supported by autologous stem
cell transplantation, also known as stem
cell rescue. Stem cells harvested from
patients’ bodies before the beginning of
therapy are reintroduced after therapy 
to generate new marrow.

When autologous stem cell trans-
plantation was first introduced, it was
very risky. Now, techniques allow stem
cells to be separated from other blood
components and counted to ensure an
adequate number have been collected.
Thus, the risk has been greatly dimin-
ished; death from autologous stem cell
transplantation now occurs in less than
2%–3% of patients.

Treatment strategies
When pain or dangerous side effects

are present, as they are in about 80%–
85% of newly diagnosed patients, it is
important to rapidly achieve complete
remission, or as close to it as possible,
Dr. Alexanian said. Not only does a
quick and complete remission help the
patient avoid repeated cycles of poten-
tially toxic therapy, but remission status
after initial therapy is also a predictor 
of how long the patient will live. Com-
plete remission is associated with a me-
dian overall survival of 10 years, while
patients who achieve partial remission
or no remission have median overall 
survival durations of 5 years and 2.5
years, respectively.

Usually, the first step in treatment 
is to try to induce remission through 
several rounds of chemotherapy at the
highest dose acceptable for the patient. 
If the patient is a candidate for auto-
logous stem cell transplantation, more
intensive therapy can be given. Recently,
combinations of bortezomib and lenalido-
mide with older drugs (bortezomib plus
dexamethasone, bortezomib plus thalido-
mide and dexamethasone, and lenalido-
mide plus dexamethasone) have been
shown to produce the best rates of com-
plete remission in patients who also
received a stem cell transplant, Dr.

2 OncoLog • July/August 2008

Multiple myeloma (plasma cell 
cancer) progresses slowly, with

the time from first cancer cell to diagno-
sis typically about 20 years. However,
the disease is usually considered
advanced and is causing serious health
problems by the time it is discovered.

Diagnosis usually occurs between
the ages of 55 and 80 years. As many
as 65,000 patients in the United States
are living with the disease, and more
than 17,000 new cases are expected
to be diagnosed this year.

Major symptoms include:

• Bone pain, generally in the spine 
or ribs. Myeloma cells cause bone
reabsorption, which weakens bones
and results in multiple lytic lesions
(hence the name “multiple myeloma”)

• Constipation or changes in mental
status caused by high levels of 
calcium being reabsorbed into 
the body

• Kidney damage or failure caused 
by high levels of calcium in the
blood as well as high levels of 
monoclonal immunoglobulin pro-
duced by myeloma cells

• Anemia resulting from myeloma
cells crowding out the bone marrow
or from renal damage

• Immune system dysfunction
• Peripheral neuropathy

The disease can also manifest
silently; 1 of 5 patients doesn’t have
symptoms at the time of diagnosis,
and the cancer is detected through
screening blood tests or x-rays.

Characteristics of Multiple Myeloma

Dr. Raymond
Alexanian



Orlowski said. Complete remission can
be achieved in at least 35%–40% of
patients who receive both drug therapy
and a transplant, and partial remission 
is seen in up to 95% of patients.

Unfortunately, not every patient is 
a candidate for stem cell transplantation.
About 30% of multiple myeloma patients
cannot undergo a transplant because
their age or other medical problems
increase the risk of the procedure beyond
a safe range or because of socioeconomic
factors. For this “nontransplant” popula-
tion, less toxic drug combinations are
available, Dr. Orlowski said. They
include a melphalan-prednisone-borte-
zomib combination and a melphalan-
prednisone-thalidomide (MPT) combina-
tion. In a recent clinical trial, treatment
with MPT in the nontransplant popula-
tion increased overall survival by 1.5
years over the old standard, melphalan
plus prednisone. Without a stem cell
transplant, complete remission can be
achieved in 15%–30% of patients. 

For the 15%–20% of patients who
are not experiencing symptoms at the
time of diagnosis, no immediate treat-
ment may be needed. Rather, these
patients may be monitored closely for
several years, with therapy delayed until
a risk of complications from the disease
arises, at which point new, more effec-
tive therapies may be available.

Future directions
Despite the recent advances against

multiple myeloma, there is much room
for improvement, said Dr. Orlowski,
who believes more widespread clinical
testing is key to identifying future stan-
dard therapies. He cites bortezomib as
an example of a breakthrough agent that
first was tested in patients with relapsed
and treatment-refractory multiple
myeloma and then was found to be

effective against newly diagnosed dis-
ease. Without clinical trials, researchers
would not have known whether it was
worth the risk to make bortezomib a
frontline therapy. 

“When we move these active experi-
mental drugs such as bortezomib into 
the front line, what we don’t know is
whether they will still be as effective
once the disease relapses,” said Dr.
Orlowski. “The question is always, are
we burning some bridges by using these
therapies up front, in newly diagnosed
multiple myeloma? I generally think it’s
important to take that chance, because
that’s when we have the best possibility
of achieving a durable remission and a

longer survival.” 
Clinical trials are also needed to help

validate research into multiple myelo-
ma’s genetic signature. It is now be-
lieved that the disease comprises seven
or eight distinct subtypes defined by dif-
ferent genetic abnormalities. For exam-
ple, up to half of all cases are associated
with chromosome 13 monosomy, which
predicts poor outcome in multiple mye-
loma patients. “Even though patients
with chromosome 13 monosomy and
certain translocations benefit less from
the current standard therapies, they
might benefit from having novel thera-
pies such as bortezomib and lenalido-
mide in their treatment regimens,” 
Dr. Orlowski said. “We want to identify
appropriate therapy for patients based on
the genetic subtype of their myeloma.
Doing so could help us achieve greater
response and remission rates with initial
therapy, which will then lead to longer
survival for more patients.” ●

For more information, call Dr. Orlowski 
or Dr. Alexanian at 713-792-2860.
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Our goal is always to reduce 
the amount of myeloma cells in 
the bone marrow, hopefully to 

undetectable levels, with a minimum
overall amount of therapy.”

– Dr. Robert Orlowski

• A Phase III Randomized, Double-
Blind Study of Maintenance
Therapy with CC5013 or Placebo
Following Autologous Stem Cell
Transplantation for Multiple
Myeloma (CALGB100104).
Principal investigator (PI): Muzaffar
H. Qazilbash, M.D. The goal of this
clinical trial is to determine whether
lenalidomide therapy and autolo-
gous stem cell transplantation can
help control multiple myeloma better
than transplantation alone.

• A Phase I Clinical Trial of Oral
Vorinostat (MK-0683) in Com-
bination with Bortezomib in
Patients with Advanced Multiple
Myeloma (2005-0438). PI: Donna
M. Weber, M.D. Vorinostat, or
suberoylanilide hydroxamic acid
(SAHA), has already been approved
by the U.S. Food and Drug Admin-
istration to treat cutaneous T-cell
lymphoma; this trial will study its 
use in multiple myeloma.

• A Randomized Phase II Trial of
Two Stem Cell Doses to Reduce
Transplant-Induced Symptom
Burden in High-Risk Patients with
Multiple Myeloma or Amyloidosis
(2005-0601). PI: Sergio A. Giralt,
M.D. The goal of this clinical trial is
to learn whether higher doses of
stem cells can help decrease the
symptoms that occur after treatment
with high-dose melphalan.

• A Phase II Multicenter Study of
CNTO 328 (Anti-IL-6 Monoclonal
Antibody) in Subjects with Re-
lapsed or Refractory Multiple
Myeloma (2007-0479). PI: Sheeba
K. Thomas, M.D. This trial will study
the effectiveness of CNTO 328
administered with or without dexam-
ethasone for relapsed or refractory
multiple myeloma. ●

For more information on trials 
at M. D. Anderson, visit 
www.clinicaltrials.org.

Clinical Trials in Multiple Myeloma



By Sunni Hosemann

Today, interventional
radiologists working
in oncology consider
few cancers inacces-

sible. These specialists use im-
age guidance to treat tumors
and tumor-related complica-
tions—often in the most diffi-
cult-to-reach places.

Like angioplasty, which was the first
medical treatment to incorporate real-
time image guidance, many interven-
tional radiology procedures in oncology
were developed as alternatives for when
conventional treatments such as surgery
were not possible. But some of these
techniques have become so refined that
they are now the convention rather
than the alternative.

On any given day, medical and surgi-
cal oncologists at M. D. Anderson call 
on interventional radiologists not only 
to obtain biopsy samples but to relieve

obstructions, drain ducts and abscesses,
ablate tumors nonsurgically, and embolize
hemorrhaging vessels. These procedures
often require extraordinary collaboration.
“We bring an additional set of tools or
options for the multidisciplinary team to
consider as they tailor individual patients’
care,” said Ravi Murthy, M.D., an associ-
ate professor in the Section of Interven-
tional Radiology at M. D. Anderson.
More than four decades after the advent
of interventional radiology, those options
are being applied in increasingly inven-
tive and beneficial ways. 

Diagnosis
Image-guided tumor sampling, such

as needle biopsy, is perhaps the most
common cancer-related procedure per-
formed by interventional radiologists.
This longtime staple of the field contin-
ues to evolve. Current techniques allow
interventional radiologists to sample
lesions that were once considered inac-
cessible. Tumors in the mediastinum, 
for example, were traditionally difficult
to access without an open thoracotomy.
Without image guidance, probing the

mediastinum with a needle can be per-
ilous because of the high density of vital
structures, including nerves, blood ves-
sels, and the lungs. But with image guid-
ance, percutaneous transthoracic needle
biopsy allows relatively safe access to
virtually all of the mediastinum, includ-
ing areas that cannot be seen with endo-
scopic procedures such as bronchoscopy
and mediastinoscopy.

Interventional radiologists must con-
sider innovative approaches to avoid
complications when directing a biopsy
needle through the mediastinum to a
lesion, according to Sanjay Gupta,
M.D., an associate professor in the
Section of Interventional Radiology.
One such approach was developed 
after it was discovered that passing 
the needle through a loculated pleural
effusion could reduce the risk of lung
puncture. If an effusion is not present,
the interventional radiologist can create
such a “window” by injecting saline 
into the pleural space or positioning 
the patient in a way that allows pleural
fluid to move into the necessary loca-
tion. 

Interventional Radiology Used to Treat a Lung Tumor

4 OncoLog • July/August 2008

Beyond Images:
Advances in Interventional Radiology

Radiofrequency ablation was used to treat
this recurrent non–small cell lung cancer,
which was initially treated with radiation
therapy. Above, computed tomography
shows the needle electrode inserted into the
neoplasm. The electrode delivers a thera-
peutic dose of heat energy into the tumor.
At right, positron emission tomography
shows the metabolic activity of the tumor
(designated by arrows) before (top) and
after (bottom) the ablation therapy. 
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Treatment
As interventional radiologists have

developed better techniques to access
tumors for sampling, they have also 
developed new ways to treat neoplasms.
Many of these treatments are adapted
from traditional surgical techniques yet
are typically less invasive and often as
effective.

Nonsurgical ablation
Interventional radiology frequently 

is used to perform nonsurgical ablative
therapies, including radiofrequency
(heat) ablation, cryoablation (freezing),
and the delivery of tumoricidal sub-
stances such as ethanol and acetic acid.
Such ablative procedures were first used
to treat liver metastases and were done
during open surgery. “Now we can per-
form many ablative therapies without
taking the patient to surgery,” said
Kamran Ahrar, M.D., an associate pro-
fessor in and medical director for the
Section of Interventional Radiology.
“This results in fewer complications, 
less morbidity, and less cost.”

Interventional radiologists now use
radiofrequency ablation to treat primary
and metastatic lesions in the lungs, 
kidneys, and bones, as well as the liver.
Such procedures generally involve guid-
ing a needle electrode into a growth 
and then delivering thermal energy
through the electrode to kill the tumor.

In many cases, radiofrequency abla-
tion is used as the primary treatment 
for a tumor—in osteoid osteoma, for
example. This small, benign but painful
tumor occurs in children, adolescents,
and young adults and traditionally was
treated with surgical resection. “Now,
we place a needle inside the nidus of
the tumor under computed tomography
guidance and are able to ablate it in
one treatment,” Dr. Ahrar said. The
procedure is done on an outpatient
basis, and patients are able to return 
to their normal activities immediately. 

Embolization therapies
Some of the first interventional 

radiology procedures were developed 
in emergency settings for when no other
treatment was available. For example,
arterial embolization to stop upper gas-
trointestinal bleeding was first done

under emergency conditions. “Today,
arterial embolization to control hemor-
rhage in patients with neoplastic disease
is often a lifesaving procedure,” said
Marshall Hicks, M.D., a professor in 
and deputy chair ad interim of the
Department of Diagnostic Radiology.
The same technique can be applied in
similar situations to treat vascular prob-
lems that would otherwise preclude 
surgery, radiation, or chemotherapy, 
Dr. Hicks said.

One such example is partial splenic
embolization, which is used to treat
cancer patients who have developed
thrombocytopenia that precludes che-
motherapy. When the portal venous 
system is compromised by disease, as 
in liver cancer, or as a result of chemo-
therapy, hypersplenism develops. This
causes platelets to sequester in the
spleen, resulting in thrombocytopenia.
Not only does platelet sequestration 
in the spleen make platelets unavail-
able, but there is evidence that these
trapped cells contribute to the degrada-
tion of thrombopoietin, which further
reduces already low platelet counts. 

According to Michael Wallace, M.D.,
an associate professor in and chief of the
Interventional Radiology Section, par-
tial splenic embolization has been used
to palliate these effects by reducing the
volume of the spleen, thereby raising
platelet counts and enabling patients 
to begin or resume chemotherapy. This
procedure, performed while the patient
is under intravenous sedation, is an
acceptable alternative to splenectomy
for managing hypersplenism in the 
context of hematologic abnormalities,
portal hypertension, and venous conges-
tion, as well as for treating malignancies
that directly involve the spleen. “This 
is a reasonably tolerated, reasonably
low-risk procedure,” Dr. Wallace said.
“Patients typically go home in 4 days or
so, and 95% of them are able to resume
chemotherapy.”

In addition, embolization can be used
to occlude the blood supply of a tumor,
causing it to shrink and possibly die.
Reducing a tumor’s size can also reduce
symptoms and facilitate surgical resec-
tion of the tumor. Depending on the
tumor site and the aims of the procedure,
interventional radiologists can stop a

tumor’s blood supply in a variety of ways.
They can use metallic coils or gel foam
to occlude large vessels or use particulate
materials or liquid embolic agents to
close small vessels. Furthermore, the
advent of microcatheter technology has
enabled interventional radiologists to
access the necessary vessels without
embolizing non-target tissues.

Other therapies
Being able to access a tumor’s blood

supply means that interventional radiol-
ogists are also able to deliver chemo-
therapy infusions directly into neoplasms.
And more recently, interventional radi-
ologists have developed ways to deliver
radiation to a tumor via its blood supply,
providing an option for treating unre-
sectable liver neoplasms, including
hepatocellular carcinomas and meta-
static colon, lung, and breast cancers,
among others. Oncologists have had 
little success in treating these lesions
once chemotherapy fails, and the use 
of external beam radiation has been 
limited by the liver’s sensitivity to radia-
tion. (Editor’s note: Please see the related
story, “Radioembolotherapy Using Ytrrium
90,” on page 6.)

Future innovation and invention in
interventional radiology will provide
further novel options for multidiscipli-
nary approaches in the treatment of
cancer. “Imaging technology is becom-
ing more sophisticated and refined 
all the time, and as a result, so is our
ability to adapt image-guided procedures
from medical, surgical, and radiation
oncology,” Dr. Hicks said. “This growing
range of therapeutic options ultimately
results in better care for our patients.” ●

For more information, call M. D. Ander-
son’s Division of Diagnostic Imaging at
713-745-4794.

Interventional 
radiologists have

developed ways to
deliver therapy to 

a tumor via its
blood supply.
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One of the newer applications of
interventional radiology is a form 

of brachytherapy for unresectable liver
neoplasms that uses glass or resin
microspheres to carry yttrium 90 (90Y), 
a high-energy, beta particle–emitting 
isotope. The microspheres, about the
diameter of a human hair, are adminis-
tered via a catheter by intra-arterial
hepatic injection guided by fluoroscopy.

Once injected, the particles embed 
in the capillary network of the tumor.
“The fact that this is not gamma radia-
tion but short-penetrating beta radiation
is of critical importance,” said Ravi Murthy,
M.D., an associate professor in the 
Section of Interventional Radiology at
M. D. Anderson. “Because the radiation
is effective on adjacent tissue but does
not ‘travel’ beyond the tumor, there are
minimal effects outside the tumor itself.”
Once placed, 90Y emits therapeutic
doses of radiation for the next few days.

This procedure takes advantage of
the fact that liver neoplasms are highly
vascular and receive their blood supply
via the hepatic artery, whereas the liver
parenchyma receives its blood supply
primarily through the portal vein. Since
the blood supplies are independent, the
injection can target tumor tissue and
spare normal tissue.

A detailed arteriogram of the vessels
leading to the tumor is done prior to the
procedure to detect anatomic variations
and aberrant vessels. An important part
of this interrogation is to identify poten-
tial ways for the radioactive micro-
spheres to disperse to locations other
than the intended target, such as the
gastrointestinal tract. Variations in anato-
my are not unusual. For example, the
gastric arteries may branch from the left
hepatic artery in some patients and from
the common, proper, or right hepatic
arteries in other patients. A detailed
study of vessels branching from the
hepatic artery to supply various other
organs is therefore essential before
delivering radioactive microspheres 
into the hepatic vasculature. When
potential outflow vessels are found, 
they are occluded by small coils.

Liver tumors also have a tendency 
to cause arteriovenous shunting. In such
cases, there is a danger that the

90Ymicrospheres could pass through the
tumor to the lung, causing radiation
pneumonitis. To avoid this complication,
a diagnostic dose of like-sized but harm-
less “surrogate” particles, technetium-
99m–labeled macroaggregated albumin,
is injected prior to radioembolotherapy.
The distribution of the technetium-
99m–labeled macroaggregated albumin
will predict the distribution of the 90Y
microspheres, allowing the radiologist 
to detect any risks from arteriovenous
shunting.

At M. D. Anderson, 90Y radioembo-
lotherapy of the liver is done with the
patient under sedation, on an outpatient
basis. Most patients experience mild
side effects (fatigue and mild abdominal
pain) for about 2 weeks following the
procedure. Initially, treatments were
given to half of the liver at a time, sepa-
rated by a period of about 4 weeks, but
with improvements in technique and
supportive care, patients now generally
receive only one treatment.

Currently, this procedure is offered
only when other treatments have failed
or are not feasible, but Dr. Murthy be-
lieves it has greater potential. “This
treatment has a theoretical advantage 
in that it may significantly augment the
benefits seen with systemic treatments

when administered early in the disease
process in select patients. Furthermore,
the mild toxicities associated with radio-
embolotherapy may offer an effective
alternative to diseases that are tradition-
ally combated with other more toxic
embolotherapies,” he said. And for that
reason, he is eager to see it integrated
into mainstream therapy.

To that end, two trials are approved
to start this year. Dr. Murthy and col-
leagues Cathy Eng, M.D. (Gastrointes-
tinal Medical Oncology) and Rodolfo
Nuñez, M.D. (Nuclear Medicine) have
designed a randomized, phase II clinical
trial in which 90Y microspheres will be
combined with cetuximab and irinotecan
to treat liver metastases in colon cancer
patients. It is a hybrid treatment requir-
ing an unusual level of collaboration for
a study, but Dr. Murthy believes it has
the potential to offer patients “the best of
three worlds—medical oncology, nuclear
medicine, and interventional radiology.”
The second trial is a pilot study of 90Y
radioembolotherapy in hepatocellular
carcinoma patients, done in collabora-
tion with Thomas Jefferson University
and the University of Pittsburgh. Experi-
ences from this study will be used to
refine the cohort for an anticipated 
larger randomized trial. ●

Radioembolotherapy Using Yttrium 90

These images were taken in a 73-year-old man who underwent radioembolotherapy for 
an unresectable hepatocellular carcinoma. An intravenous contrast-enhanced computed
tomography scan (left) shows the hypervascular tumor mass (designated with arrows). 
In an outpatient procedure, resin microspheres carrying a therapeutic dose of yttrium 90
were delivered via the hepatic artery under angiographic guidance. A post-implantation
non–contrast-enhanced single photon emission computed tomography scan (right) demon-
strates radioactivity (soft glow) confined to the tumor.

By Sunni Hosemann
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More than half of
everyone diagnosed
with cancer will

receive some form of radia-
tion therapy. That’s because
radiation therapy is relatively
safe and effective, and it may
result in fewer physical side
effects than other treatments,
such as chemotherapy and
surgery. 

How radiation therapy works
Simply put, radiation is energy that

travels as waves or extremely small par-
ticles. In radiation therapy, high doses
of these invisible waves or particles are
directed at cancer cells. The radiation
damages the cells’ DNA, causing them
to eventually die or stop multiplying.

Sometimes cancer can be cured
using radiation therapy alone or com-
bined with chemotherapy or surgery. 
In other cases, radiation therapy cannot
kill all the cancer cells, but it can shrink
the tumor to relieve cancer-related
symptoms. If radiation therapy cannot
cure or shrink a tumor, it may be able
to at least stop or slow the tumor’s
growth.

Radiation therapy can be external
beam (delivered from the outside by 
a machine) or internal (delivered by 
a radioactive material embedded in 
or near the tumor). Both treatment
methods are considered “local” because
they take place at the site of the cancer,
rather than throughout the body. The
type of radiation therapy used depends
on the type of cancer, its size and loca-
tion, and other factors. 

External beam radiation therapy 
In external beam radiation therapy, 

a radiation-generating machine aims 
a beam of radiation at the cancer. The
beam, which is painless, passes through
the skin and hits the tumor. 

Traditional radiation therapy uses

multiple beams of energy that come
from different directions and intersect
at the tumor. Ideally, only the tumor
receives the damaging dose of energy
delivered by these intersecting beams,
but the radiation can also harm healthy
tissue nearby.

A newer technology called intensity
modulated radiation therapy uses a three-
dimensional map of the cancer to deliver
the energy more precisely. Based on this
map, a computer calculates different
beam intensities and directions that
allow the energy to be concentrated
inside the tumor. Another newer tech-
nology is proton beam radiation therapy,
which uses a beam of energy that goes
into the tumor and then stops. Both
intensity modulated radiation therapy
and proton beam radiation therapy
have much less potential for damaging
the healthy tissue surrounding a tumor. 

Usually, external beam radiation
therapy is given in short, daily sessions
for 2–10 weeks. The therapy itself 
is painless, and it doesn’t make the
patient radioactive.

Internal radiation therapy
Unlike external beam therapy, inter-

nal radiation therapy typically requires a
small incision so the doctor can place
small bits of radioactive material in 
or near the tumor. Those radioactive
implants—often referred to as “seeds”—
give off a cancer-killing dose of radiation
for a few days or weeks (depending on
the type of seed used) and then become
harmless. The doctor may or may not
have to remove the seeds after therapy.

Since internal radiation therapy
involves an invasive procedure, a local
anesthetic may be used to reduce dis-
comfort. The radiation itself cannot be
felt. However, depending on the dose, 
a brief hospital stay may be required
while the radioactivity subsides. 

Side effects
Doctors are getting better all the

time at avoiding damage to healthy
cells from radiation therapy. However,
there is still a chance that healthy tis-
sues will be harmed. This can cause a
wide range of side effects, depending 
on the type of treatment:

• External beam radiation can cause
skin irritation wherever the radia-
tion enters the body. This side effect
is common and usually temporary.
Fatigue is another common side
effect of radiation therapy, regardless
of the site being treated.

• Radiation for head and neck cancers
can result in mouth irritation, loss 
of taste, discomfort, and hair loss.

• Radiation for cancers in the pelvic
area may cause reduced fertility,
bladder problems, and digestive
problems.

• Radiation for cancers in the breast
and chest area can result in short-
ness of breath, problems swallowing,
and changes in the breast.

• Radiation for cancers in the abdomen
may cause vomiting, nausea, and
diarrhea.

There is also a small chance that
radiation therapy may cause a new can-
cer to develop years later. Patients con-
sidering radiation therapy should discuss
with their doctors how this risk and oth-
ers compare to the potential benefits. ●

Sources: The National Cancer Institute and the
American Cancer Society

A Guide to Radiation Therapy

For more information, talk to your
physician, or:
• call askMDAnderson at 

1-877-632-6789
• visit www.mdanderson.org

OncoLog, July/August 2008
J. LeBas
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Radiation damages 
cancer cells’ DNA, causing
them to eventually die or

stop multiplying.
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Researchers Enhance
Anticancer Activity 
of Natural Killer Cells 
in Laboratory

Histone deacetylase (HDAC) inhib-
itors and proteasome inhibitors increased
the activity of natural killer (NK) cells
against certain pediatric cancers, accord-
ing to recent laboratory studies at M. D.
Anderson. Researchers say the findings
could lead to treatments that stimulate 
an effective immune response against 
cancer with less-toxic doses of therapeutic
agents.

In their studies, researchers from the
Children’s Cancer Hospital at M. D.
Anderson exposed NK cells and cancer
cells to the HDAC inhibitors MS-275 
and sodium valproate and the proteasome
inhibitors bortezomib (Velcade) and NPI-
0052. NK cells showed greater activity
against cancer cells after exposure to the
inhibitors in the lab, most often because
the inhibitors increased the signaling
activity of the cancer cells. As a result,
the NK cells were better able to detect
the cancer cells and then kill them.
Additionally, MS-275 made the NK cells
more sensitive to signaling from the can-
cer cells while simultaneously increasing
the signaling activity.

The research team found that the
HDAC therapy increased NK cells’ effec-
tiveness against osteosarcoma, while the

proteasome inhibitor therapy heightened
the NK cells’ activity in acute myelogenous
leukemia and neuroblastoma cell lines.

Dean Lee, M.D., Ph.D., an assistant
professor in Pediatrics and the senior
investigator on the study, said enhancing
the immune system’s targeting of tumor
cells offers the hope of not only killing
more cancer but also allowing more
healthy cells to survive, which would
lessen toxicity. “We hope to develop ther-
apies that don’t rely on us administering

more NK cells or more toxic chemothera-
py but that marry the two to provide a
synergistic, less toxic effect,” Dr. Lee said.

Dr. Lee and co-investigators Shiguo
Zhu, Ph.D., a postdoctoral fellow in 
Pediatrics, and Laurence Cooper, M.D.,
Ph.D., an associate professor in Pediatrics,
presented their findings in May at the
annual meeting of the American Society
of Pediatric Hematology/Oncology. 
The team is currently researching 
NK cell–enhancing therapies in acute
lymphocytic leukemia and medullo-
blastoma. ●

Enhancing the immune 
system’s targeting of tumor
cells offers the hope of not
only killing more cancer but
also allowing more healthy

cells to survive.


