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Expediting the treatment
planning process

Cristen Bolan, MS

adiation treatments today can be
Rdelivered in a matter of minutes,

yet treatment planning contin-
ues to be the cog in the wheel slowing
down therapy. Within the last year,
however, new developments in treat-
ment planning solutions, such as auto-
contouring and predictive modeling, are
streamlining the more time-consuming
steps to expedite the overall process.

Key challenges

There are two key challenges in treat-
ment planning— speed and accuracy.

It can take several hours to precisely
contour and calculate a dose plan for
complicated cases.

“Speed of treatment planning is cur-
rently a problem and even the best
dosimetrists have a problem with consis-
tency. Historically, treatment planning
has been really more of an art than a sci-
ence; dosimetrists need years of planning
experience to gain an intuition of what is
possible to provide to individual patients
in terms of delivered doses,” said Sasha
Mutic, PhD, director, Clinical Medical
Physics, professor, Radiation Oncol-
ogy, Mallinckrodt Institute of Radiol-
ogy at Washington University School of
Medicine, St. Louis, MO.

Although dosimetrists strive to op-
timize the dose plan while minimizing
damage to surrounding structures, un-
knowingly, they may fall short of reach-
ing this goal.

“Commonly, planners try different
parameter values to drive the optimizer
in the direction they want, and stop when
they feel they have done as well as they
could. Some plans approach the ‘opti-
mal frontier,” but many approved plans
are far from optimal,” said Kevin L.
Moore, PhD, DABR, Assistant Profes-
sor, Department of Radiation Oncology,
University of California, San Diego,
CA. “When you don’t know what the
absolute best plan is for the patient, you
can waste a lot of time, or stop before
you’ve spared the organs at risk as much
as possible.”

Because contouring variability is
a major source of uncertainty in ra-
diotherapy treatment planning, it has
become a focus of research, with em-
phasis on both planning target volumes
(PTV) and organs at risk (OAR) for
many anatomical sites. !

Recently, a number of innovations
in treatment planning technology have
provided new approaches to overcoming
obstacles related to speed and accuracy,

with the potential to advance the science
by leaps and bounds.

Making trade-offs

In radiation therapy, clinicians have
to make trade offs between target cov-
erage and organ sparing, and between
speed and accuracy.

Speed is often sacrificed for accu-
racy. Depending on the complexity of
the anatomical site being treated, plan-
ning for intensity-modulated radia-
tion therapy (IMRT) can range from a
couple of hours to a couple of days,
says Michele Verst, MS, chief medi-
cal physicist, Union Hospital’s HUX
Cancer Center, Terre Haute, IN.

“There are two challenges in the
treatment planning process that go hand
in hand—one is developing the most
accurate plan from a dosimetric stand-
point as far as dose calculation and how
it affects what’s truly being delivered to
the patient,” said Dr. Verst.

A significant advancement in accu-
racy came with the implementation of
Monte Carlo calculations into a plan-
ning system. “The Monte Carlo algo-
rithm at this point is the most accurate
way to predict how the dose is being
delivered inside the patient,” indicated
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FIGURE 1. A blended CT and PET image, showing a cross section of the head in the nasal
cavity area. This image was co-registered using Eclipse™ treatment planning software. The
white cross hairs come together at the tumor site. The lines around the tumor are part of an
IMRT treatment plan, and show that the highest radiation dose is being in concentrated right
in the tumor, with the dose falling off rapidly as you move away from the tumor. This plan was
designed for maximum preservation of the brain stem, which in this case is avoided altogether.

Dr. Verst. “As a trade off, to get that ac-
curacy, it requires a lot of time. It is very
time consuming to make those calcula-
tions with that type of precision.”

The HUX Cancer Center is a pilot
site for the recently FDA 510(k)-cleared
version Monaco 5 treatment planning
system by ELEKTA. As a pilot site, Dr.
Verst compared the legacy system to
the new version of Monaco. “We can
do the same or better quality plan with
Monaco in just 2 to 3 iterations com-
pared to 8 or 10 iterations,” she said.
“What Monaco has been able to do is
merge the best of both worlds. It solves
two different challenges: one is getting

an accurate view of what’s going on in-
side the patient, and two, giving you a
good plan within a reasonable amount
of time.”

Monaco 5 supports a full spectrum
of radiotherapy techniques, including
volumetric-modulated arc therapy
(VMAT), IMRT, and 3-dimentional
(3D) conformal radiation therapy. It also
is equipped for stereotactic radiosurgery
(SRS) and stereotactic radiotherapy
(SRT).

“The software has gone from using
standard constraints for your prescrip-
tion or your dose limitations for your
OARs toward more of a biological

model with Monaco. For example, the
serial and parallel functions are com-
bined along with some other maximum
constraints to give you the flexibility to
use how the structures function physi-
ologically,” indicated Dr. Verst. “You
can set it so the maximum part of the
structure can get no more than 2400
cGy. But we can say a third of the liver
can get a certain amount of dose, while
the remaining two-thirds gets another
dose. It helps you to tailor the plan spe-
cific to the site, allowing you to do dose
painting on your target volume.”

Additionally, the Segment Shape Op-
timization feature on Monaco generates
an ‘ideal plan’ with the dose and con-
straints the user selects. “It allows you
to use the strengths of a particular linac
to give you the best possible option for
delivering the ideal plan that you would
like to give. That’s one really nice tool,”
said Dr. Verst.

Optimized contouring

Contouring is a labor-intensive and
time-consuming step in the treatment
planning process and tends to be highly
variable. Some of the quality control
tools include RTOG contouring pro-
tocols, which are based on a consensus
reached among cooperative groups and
disease site committees, and are de-
signed to provide treatment guidelines
that include quality criteria for a specific
type of treatment.

Another quality control measure
is computer-assisted auto-contouring
algorithms, such as automated atlas-
based segmentation. These assist the
dosimetrist in overcoming the limita-
tions of manual contouring.® Auto-con-
touring is a well-established technology
in treatment planning systems. The Pin-
nacle, treatment planning system by
Philips Healthcare saves planning time
and improves consistency by automating
the contouring process. In its latest itera-
tion, Pinnacle3 9.6, the Dynamic Plan-
ning feature provides a fast assessment
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to determine the need to re-plan and dy-
namically tracks the impact of patient
changes to treatment plans. The fullAc-
cess feature accelerates the plan review
by providing the ability to review and an-
notate images or plans remotely.

Predictive models

Taking a step beyond autocontouring
is knowledge-based treated planning.
These algorithms contour anatomical
images by using a mathematical model
that predicts dose-volume histograms
(DVHs) from a patient’s anatomy. This
predictive model helps determine what
the DVHs for each organ of interest
should look like.

“Our approach is designed to make
use of a database of treatment plans
for previously treated patients. Using
mathematical techniques, you can ana-
lyze IMRT dose distributions designed
for patients, and correlate the different
dose distributions to the differences
in patient anatomy. Ultimately, this
work helps you develop a mathemati-
cal model that predicts DVHs from
a patient’s anatomy,” explained Dr.
Moore, who worked on developing
this model while at Mallinckrodt Insti-
tute of Radiology.

“Up to this point, there has never
been a quantitative way to predict what
the DVH should look like in a particu-
lar patient treatment based on past data
from optimized treatment plans,” said
Dr. Moore. “It determines, for example,
if the current patient has a large target
or small OAR, and what the new plan
DVHs should look like. As targets or
organs grow or shrink, the model can
predict how the DVHs change in re-
sponse. If the OAR moves away from
the target, the model will predict that
the amount of dose reaching the organ
will diminish.”

According to Dr. Moore, what contrib-
utes to variability in IMRT treatment plan
quality is human error, such as estimating
the DVH or omission of important data.

The predictive model automates the pro-
cess to make it more reproducible.

The clinical implications could dra-
matically reduce side-effects, indicates
Dr. Mutic, who worked with Dr. Moore
on the development of the knowledge-
based treated planning solution.

“Predictive models will eliminate
variability and help standardize the
outcomes and complications across fa-
cilities,” said Dr. Mutic. “Currently, pa-
tients are not being treated the same or
delivered the same amount of dose. En-
suring patients receive consistent dose
will drive the quality of treatments that
will lead to more consistent outcomes.”

A case in point is the treatment of
head-and-neck cancer, for which there
could be dramatic improvements in
parotid gland sparing. “There is a very
wide gulf between the doses that are
called for in treating head-and-neck tu-
mors, versus the doses that the parotid
gland can tolerate. Researchers have
observed a huge amount of variability
from patient to patient in terms of how
well dose to the parotid glands was ef-
fectively minimized,”” said Dr. Moore.

“When we compared plans created
with and without the use of a predictive
tool, the differences between them were
incredibly dramatic. We saw much less
variability plan to plan after we had the
predictive model, and the average devi-
ations from the predictions were much
smaller. The number of patients whose
planned doses exceeded tolerance lev-
els was categorically reduced,” he said.

The key connecting step with the
predictive model is that the data with
the predictions is automatically input
directly into an IMRT optimizer that is
designed to make use of them.

“Instead of having humans punch in
numbers based on the average patient or
a clinician’s intuition, they can work with
precise expected values and use them to
guide the optimization,” said Dr. Moore.

For the patient, reduced variabil-
ity among treatment plans means less
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damage from dose distributed to sur-
rounding healthy structures.

Similarly, Varian Medical Systems
(Varian) offers a knowledge-based so-
lution that uses predictive modeling for
treatment plans. Varian has recently
received FDA 510(k) clearance for its
RapidPlan software, which is designed to
provide standard-of-care models to use
as a baseline for developing new IMRT
treatment plans. Clinicians can select their
best treatment plans to include in a train-
ing set that can be used to create new and
improved practice models in the future. In
doing so, sites can customize RapidPlan
to reflect their own practices. The mod-
els can also be shared among colleagues
within a care network to create a practice
standard.

RapidPlan is a comprehensive tool
within Varian’s Eclipse treatment plan-
ning system that may be used to plan
external beam radiotherapy, includ-
ing intensity-modulated radiotherapy
(IMRT), image-guided radiotherapy
(IGRT), RapidArc radiotherapy, ste-
reotactic body radiotherapy (SBRT),
and stereotactic ablative radiotherapy
(SABR) (Figure 1). The solution is inte-
grated with Varian’s Eclipse treatment
planning software.

Flatten the learning curve

Key to knowledge-based technology
is that it is a learning system that will
allow inter-institutional collaboration
and benchmarking.

“Clinics will be able to ‘train’ their
own models. The technology gives
local institutions the power to develop
their own stereotactic liver radiotherapy
model, for example. The automated
planning component of it will be based
on exactly what clinicians want to do at
alocal institution,” explained Dr. Moore.

RapidPlan is also a learning system.
Clinicians can take their best treatment
plans and add them to the system for
use in creating new, improved practice
models for the future. The models can be
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shared among colleagues within a care
network to create a practice standard.

Collaboration among institutions will
be greatly facilitated with a knowledge-
based solution so widely available.
Users will be able to share data without
needing approval from the Institutional
Review Board or expending valuable
time planning benchmark cases.

“Institutions can base models on the
RTOG protocols, or share them with
others,” Dr. Moore said. “You have a
means to compare your output to other
institutions or gold standard datasets,
for example, coming out of a national
clinical trial or a large academic insti-
tution that provides its own models.
Everyone can make use of that—you
flatten out the learning curve.”

The sharing of data helps clinicians
become familiar with newer techniques.
Dr. Moore points out that many radia-
tion oncologists are reluctant to move
into linear accelerator-based SRS, for
example, because the constraints and

FIGURE 2. Craniospinal plan developed on TomoTherapy VoLO treatment planning system.
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fractionations are unfamiliar. “This
could be a technology that allows them
to immediately benchmark their first 10
plans against exemplary work done at
established academic institutions,” he
noted. “There is tremendous potential in
terms of what this technology could do
for the field in terms of sharing data.”

Leveling the playing field

When making the choice, most clini-
cians would put accuracy before speed.
Historically, TomoTherapy’s TPS has
been considered one of the most con-
formal treatment planning systems. A
recent study found the overall treat-
ment plan quality using TomoTherapy
was better than the other TPS technol-
ogy combinations.? Yet it was not faster
when compared to Varian’s Eclipse,
ELEKTA’s Monaco or Pinnacle® by
Philips Healthcare.

Recently, however, the TomoTherapy
system got an overhaul that has given it
an edge not just in accuracy but also in

speed. In October of 2012, Accuray Inc.
launched its new TomoTherapy H Se-
ries, including the TomoHDA System,
designed with faster planning, faster
delivery, and increased quality. Some
of the key features of the TomoHDA
system include TomoEDGE Dynamic
Jaws technology, designed to provide
added flexibility in treatment delivery
by sharpening dose fall off and accuracy.
TomoEDGE Dynamic Jaws technol-
ogy combined with VoLO Planning, a
graphics processing unit (GPU)-based
treatment planning solution, enables
high-speed parallel processing for both
dose calculation and optimization (Fig-
ure 2). VoLO leverages advanced graph-
ics processing technology and a new
calculation algorithm to significantly
reduce treatment-planning times and add
flexibility in developing even the most
complex radiation therapy plans.

The Tulsa Cancer Institute, a large
site that treats anal, rectal and gyneco-
logical diseases, as well as lung, brain,
head and neck and the spine, has 2 To-
moTherapy units on site. According to
Matthew West, PhD, chief physicist at
the Tulsa Cancer Institute, efficiencies
are gained in the overall workflow.

“When you look at the efficiencies,
the system is very simple. Unlike a con-
ventional accelerator, there are no ancil-
lary components or special modes for
special types of treatments, so whether
you’re planning a prostate, a brain,
breast or stereotactic case, you plan it
and treat them the same. So the efficien-
cies come in terms of ease of workflow
and safety,” said Dr. West. “The treat-
ment data isn’t transferred from one
computer to another, but is verified by
physics prior to treatment. Ultimately,
this attention to patient setup and image
guidance allows clinicians to reduce
treatment margins and minimize dose to
critical structures.”

The introduction of the VoLO treat-
ment planning system has significantly
accelerated the overall process. “The
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VoLO part has sped up the time it takes to
turn around a treatment plan. Previously,
on the older system without VoLO, it
could take between 30 minutes and up to
4 hours depending on how complicated
it is. Now, on the system with VoLO, it
only takes 2 minutes before we start plan-
ning,” indicated Dr. West.

Similarly at Cancer Healthcare As-
sociates in Miami, FL, Martin Keisch,
MD, president and medical director, ap-
preciates how VoLO cuts time-consum-
ing steps in the process, such as record
and verify.

“What appealed to me about Tomo-
Therapy is the treatment planning system
and the treatment delivery software is on
a unified platform. So you don’t have the
record and verify software between the
treatment planning system and treatment
delivery, and the process is shortened by
an hour or 2,” said Dr. Keisch. “Once I
complete the plan, the second I close
out, the plan is already on the treatment
workstation and ready to pull up.”

A critical step in treatment plan-
ning is meeting predefined goals and
establishing an end point. As Keisch
explains, the speed with which VoLO
meets initial set goals can be as fast as
5 to 10 minutes. This allows for ad-
ditional time to continue setting more
stringent criteria, such as lower dose to
critical structures, or evening out doses
distributed to the tumor or the target.

Another step that VoLO eliminates is
predetermining an angle for the Tomo-
Therapy system because it looks at all
angles continuously. “That intermediate
step no longer exists, and that’s what re-
ally makes it fly,” said Keisch.

The VoLO TPS provides a protocol
library that allows users to customize
and adjust anatomical structures, in ad-
dition to a library of constraints for the
normal tissues and library of goals for
the target volumes.

“When you load the plans it prompts
you to pull in all of those criteria, plus
the jaw size, the pitch, and the fineness

of dose calculation matrix,” indicated
Keisch. “Now for a prostate, I can lit-
erally get a good plan in 5 minutes of
calculation time. With the head and
neck, I can get a good calculation in
10 minutes.”

Patients treated on TomoTherapy
often receive a boost on Accuray’s
CyberKnife Robotic Radiosurgery
System, a noninvasive alternative to
surgery for the treatment of both can-
cerous and noncancerous tumors.
CyberKnife’s Multiplan treatment
planning solution will soon support
integrating treatment plans across the
2 platforms.

“You will be able to import plans
from TomoTherapy into Cyberknife
and adjust the plans to do a boost on Cy-
berknife. It is common to boost a tumor
to a higher dose to treat lymph nodes,”
explained Scott MacDonald, medical
dosimetrist, Accuray Inc.

“You can also create a contouring
library in the Templates feature on the
existing Multiplan system. There is also
the Sequential Optimization algorithm,
which is based on RTOG recommen-
dations and automatically calculates
how to avoid critical structures,” added
MacDonald.

While treatment plan integration has
not yet been released, CyberKnife’s
Multiplan currently includes AutoSeg-
mentation, which automatically gener-
ates contours for intracranial and male
pelvic anatomy using both model-based
and atlas-based delineation methods.

“Autosegmenting for most com-
monly used applications helps speed up
throughput,” said MacDonald. “It gives
you flexibility on complex plans by au-
tocontouring multiple objects— 10 con-
tours within a few minutes.”

On the current Multiplan platform,
the QuickPlan feature automates the en-
tire planning process, including setting
planning parameters and dose calcula-
tions. While Sequential Optimization de-
velops tailored treatment plans specific
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to clinical objectives for each patient,
the system also uses Monte Carlo Dose
Calculation, often considered the gold
standard for dose calculation, to rapidly
develop plans. Finally, the 4D treatment
optimization tool takes into account the
movement of the target and the move-
ment and deformation of the surrounding
healthy tissue and critical structures.

Artto science

In striking a balance between opti-
mizing dose and limiting side effects,
dosimetrists have historically relied in
part on intuition. Yet, as new technolo-
gies continue to streamline treatment
planning, the process is becoming less
of an art and more of a science.
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