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Reducing errors in radiation therapy
through electronic safety checklists

Julie Greenwalt, MID, Kathryn Mittauer, MS, Chihray Liu,
PhD, Rohan Deraniyagala, MD, Christopher G. Morris, MS,
and Anamaria R. Yeung, MD

While the majority of RT errors are attributable to humans, most
can be prevented if caught early. This article describes the imple-
mentation of an electronic safety checklist program into the
workflow of an academic radiation oncology department, and
how it helped reduce compliance events, identify communication
problems, improve treatment quality, enhance safety, identify
bottlenecks and reap several additional benefits.

Impact of irradiation protocol deviations
on the outcome of unresectable stage

111 NSCLC patients receiving concurrent
chemoradiotherapy: Quality-assurance
results of the GFPC-IFCT 02.01 trial

Isabelle Martel-Lafay, MD, Pascal Pommier, MD, Pierre
Clavére, MD, PhD, Jean-Paul Labat, MID, PhD, Mohamed
Benchalal, MD, Jean-Noél Talabard, MD, Eric Teissier, MD,
Anne d’Hombres, MD, Emmanuel Touboul, MD, PhD,
Marie Cécile Bozonnat, MID, Anthony Montella, MsC, Pierre
Fournel, MD, and the GFPC IFCT 02.01 Team

In select patients with unresectable stage Il NSCLC, concomi-
tant chemoradiation has proven superior to sequential combina-
tion therapy, but causes more frequent acute esophagitis. The
authors assess the quality of RT and its impact on patient out-
come, and explore the association between poorer overall sur-
vival and prolonged irradiation in this patient population.

Technology Trends: Updates in IGRT—The
new, the improved and the future outlook

Mary Beth Massat

Radiation oncologists and industry leaders discuss the latest
advances in image-guided radiation therapy, including real-time
tumor tracking and motion management technologies, 4-D
imaging, intraoperative imaging, MRI-guided radiation therapy,
hypofractionation, quantitative imaging, radiomics and beyond.
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RADIATONONcoLocy  CONTEST

Applied Radiation Oncology is pleased to renew our monthly clinical
case review contest open to all physicians, radiation therapists, and
physicists in the field of radiation oncology. Each month we will feature
the submitted cases on our website for review by you and your peers.

A rating system at the bottom of each accepted case will allow
your peers to rate your case on a scale of 1-5 (5 being the best).
— The highest rated cases will be submitted for final review by
i the ARO Advisory Board, which will ultimately choose the
v, M “Best Presented and Most Interesting” case that month.
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it The contest will run through December 31, 2014.
Py e You may enter as many different cases as you wish each

e et month, however, please DO NOT enter the same case more
than once.

A winning case will be chosen each month and published in a
future issue of ARO. The author of the winning case will receive an
American Express Gift Card in the amount of $250.
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Click here to see our contest information page!

Click here to view the guidelines and enter your case!
Click here to see a sample of a case accepted for publication!

Thank you for supporting ARO and we look forward to your
participation in our Clinical Case Review Contest! Good Luck!

CLINICAL CASE CONTEST W
GET PUBLISHED...WIN CASH!
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John Suh, MD, Editor-in-Chief

Dr. Suh is the Editor-in-Chief
of Applied Radiation Oncology,
and Professor and Chairman,
Department of Radiation
Oncology at the Taussig Cancer
Institute, Rose Ella Burkhardt
Brain Tumor and Neuro-oncology
Center, Cleveland Clinic,
Cleveland, OH.

Innovation showcase: AAPM meeting,
electronic safety checklists and RT
quality control for lung cancer

elcome to the July issue of Applied Radiation Oncology (ARO)! For many,

July ushers in vacation plans and Independence Day celebrations, but it also
brings another exciting event: The American Association of Physicists in Medicine
(AAPM) 56" Annual Meeting & Exhibition.

The AAPM meeting, which is the largest gathering of medical physicists in the
world, will be held July 20-24 in Austin, Texas and will focus on the theme of inno-
vation— from cutting-edge research, to progressive technologies, to continuing edu-
cation. Among highlights are a joint symposium with the World Molecular Imaging
Society and a two-day track on quantitative imaging. For those ready to gamble on
fun, the Texas Hold ’em invitational combines poker with adaptive planning for
IGRT. And be sure not to miss the Presidential Symposium on disruptive innovation
strategies— by a speed-painting artist, no less.

As the AAPM meeting will remind us, innovation needs to be coupled with
patient safety to fully impact the care of cancer patients. Julie Greenwalt, MD, and
colleagues from the University of Florida College of Medicine in Gainesville, dem-
onstrate this in their review article, Reducing errors in radiation treatment through
electronic safety checklists. Dr. Greenwalt discusses how erring is indeed human in
radiation treatment, since the majority of RT incidents are caused by the transfer of
information from one clinician to another. To reduce errors, her team implemented
an electronic safety checklist program into the workflow of an academic radiation
oncology department. By reading the article, you can learn how the program flagged
potentially serious errors, strengthened communication and reaped a host of addi-
tional benefits.

This issue also brings you a review article from Isabelle Martel-Lafay, MD, and
her colleagues from France, on the need for RT quality control in reducing treat-
ment toxicity and improving tumor control. The article discusses the association
between poorer overall survival and prolonged irradiation in a homogenous group
of patients with unresectable stage III NSCLC treated with concurrent chemoradia-
tion and conventional fractionation.

Two case studies are featured in this issue, including the most recent Clinical Review
Case Contest winner: Joon K. Lee from the University of Illinois-College of Medicine,
Rockford. His case describes the successful use of RT for pain management in a pediat-
ric patient with Gorham Stout syndrome, a rare skeletal disorder. The second case exam-
ines organ preservation in a 63-year-old patient with locally advanced larynx cancer.

The Clinical Case Review Contest is an excellent way to share treatment experi-
ences and innovations with your colleagues across the globe. Please review the guide-
lines at http://appliedradiationoncology.com/contest and send in your manuscripts.
Remember, knowledge shared is progress gained. Plus, you just may win $250!

Finally, join me in welcoming Sharon Breske to ARO as our managing editor. Sha-
ron comes to us with more than 18 years of medical publishing experience, the last 12
of which have spanned imaging and radiation oncology. She will work closely with me
and our esteemed advisory board in coordinating and editing manuscripts, and main-
taining our home page at www.appliedradiationoncology.com.

Enjoy the issue and summer! If you have ideas on future topics that would be
beneficial for our readers, please feel free to contact me at suhj@ccf.org.
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Reducing errors in radiation therapy
through electronic safety checklists

Julie Greenwult, MD, Kathryn Mittauer, MS, Chihray Liu, PhD, Rohun Deruniyagala, MD,
Christopher G. Morris, MS, und Anumariu R, Yeuny, MD

or decades, radiotherapy (RT)
Fhas been an effective treatment
in saving and prolonging life for
many cancer patients, but medical er-
rors from radiation treatment can be
fatal. For example, overdosing patients
through RT has been reported to be le-
thal.! While the error rate in patients
treated with RT has been as low as
0.005%, one death is one too many.?
The World Health Organization
(WHO) in combination with the In-
ternational Atomic Energy Agency
(IAEA) published a review in 2008
titled, “Radiotherapy Risk Profile.”* In
this document they describe that from
1976 to 2007, 3,125 reported patients
were affected by RT incidents that led
to adverse events. This literature noted
that 1% (n=38) of the patients affected
by RT incidents eventually died due to
radiation toxicity.> Per WHO’s review,

Dr. Greenwalt is a Radiation Oncology
Resident, Ms. Mittauer is a PhD Can-
didate, Dr. Liu is a Professor and Chief
Physicist, Dr. Deraniyagala is Chief
Resident, Mr. Morris is a Biostatistician,
and Dr. Yeung is an Assistant Profes-
sor at the University of Florida College
of Medicine, Department of Radiation
Oncology, Gainesville, FL.

the majority of errors were caused by
a communication failure. After clas-
sifying where the errors occurred, they
discovered that the majority of errors
(38%; n=1,732) were related to transfer
of information, while 18% (n=844) oc-
curred during actual treatment delivery,
and only 9% occurred during the treat-
ment planning stage (n=420). The re-
maining 35% of the incidents were due
to a combination of events during the
planning process.

While reducing errors in radiation
oncology should be a simple process,
the reality is that it is a multistep pro-
cess.* Treatment of a single patient re-
quires contributions from the nurse,
physician, computed tomography (CT)
simulation staff, dosimetrist, physicist
and radiation therapist. Considering the
many steps to delivering RT, a single
error can be propagated throughout
multiple steps of the process. Likewise,
there are multiple opportunities to de-
tect an error because of the multistep
nature of the process.

While RT errors can be attributed to
machine or software errors, the major-
ity of errors are attributable to humans.
The United States Nuclear Regulatory
Commission (NRC) has recorded that

of all reported RT incidents, about 60%
or more are due to human error.’ These
data suggest that most errors can be pre-
vented if human errors can be prevented
or caught early in the process.

An “incident” is defined by the [AEA
safety standards as any unintended
event that has consequences that are
not negligible from the point of view
of protection or safety, whereas a “near
miss” is a potential significant event
that did not occur owing to the facility
conditions prevailing at the time.5 If
“incidents” can be converted to “near
misses” or good catches, then patients
can be saved from harm.

Safety checklists have been imple-
mented in different arenas to reduce
human errors through duplication lists
or safety timeouts. They have been
implemented in the airline industry,
NASA engineering, and operating
rooms, and have proven successful in
reducing human errors.? For example,
when used in surgery, they have been
shown to reduce inpatient complica-
tions and deaths. In a study published
in the New England Journal of Medi-
cine by Haynes et al. titled, “Surgical
Safety Checklist to Reduce Morbidity
and Mortality in a Global Population,”

July 2014
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REDUCING ERRORS IN RADIATION THERAPY

PATIENTS DOWNLOAD
FROM SCHEDULE

Checklist Flow

FIGURE 1. A diagram of the workflow from CT simulation to the start of radiation therapy.

checklists were enforced in 8 hospitals
across 8 different cities. The study in-
vestigators demonstrated that checklist
implementation reduced the rate of in-
patient death after surgery from 1.5%
to 0.8% along with the number of inpa-
tient complications from 11% to 7%.”
The purpose of this project was to
implement an electronic safety check-
list program into the workflow of an ac-
ademic radiation oncology department.

Technology

The implementation of our safety
checklist program took about 6 months
from origination of the idea to launch-
ing the software for department use. We
started by forming a team that included
a physicist, a therapist, a radiation on-
cologist, a radiation oncology resident,
and a graduate physics student. This
team then reviewed all of the errors
that had been recorded in our electronic

error-reporting system and classified
them according to where the error origi-
nated. We then created a checklist for
each area in our department by includ-
ing the items that were most commonly
missed according to our analysis of the
reported errors. Checklists were made
for CT simulation, physicians, dosime-
trists, physicists and radiation thera-
pists. We reviewed the checklists as a
team and reduced the number of check-
list items even further with the goal of
creating short, powerful checklists for
each area to maximize the impact of
each checklist.

To determine how to best integrate
the checklists into our workflow, we
diagramed the workflow from CT sim-
ulation to the start of radiation therapy
(Figure 1). The ideal checklist program
would automatically generate a list
of patients scheduled for CT simula-
tion that day. The first checklist to be

MOSAIQ

INTERFACE

completed would be the CT simulation
checklist. Once completed, the patient’s
plan would then advance into the queue
of the subsequent checklist area, from
the physician to dosimetry, physics,
and then the therapists at the treatment
machine. At each of these steps, the
checklist would be completed before
the patient’s plan could progress to the
next step.

To best integrate our plan into prac-
tice, we developed software written
in VB.NET using a serial workflow
based on a checklist philosophy used
in vertically integrated manufacturing.
The software identified and tracked the
completion of tasks appropriate to each
patient’s treatment, including genera-
tion of documentation and multiple/par-
allel monitoring points. This software
was integrated into MOSAIQ (Elekta,
Stockholm, Sweden), a common elec-
tronic medical system used in radiation

6 W APPLIED RADIATION ONCOLOGY
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FIGURE 2. The main view of the checklist software screen when it is first opened.

oncology, to auto-deposit the generated no need to manually enter a patient’s and written a radiotherapy prescription,

documents that indicate the listing sta- name into the system. This patient list ~ he or she can then select Patient 1 from
tus of required tasks for each staff mem- is the work queue for the CT simula- his or her list and complete the checklist
ber. Microsoft Outlook API (Microsoft  tion technician. Each step of the pro- on Patient 1.
Corporation, Redmond, Washington) cess from CT simulation to radiation Once the physician completes the
was used for communication among therapy start has a work queue gener- checklist, Patient 1 appears on the do-
staff and to coordinate issue resolution ated by the completion of the checklist simetry work queue, notifying dosimetry
through email or text messaging. at the prior step. For example, once the  that Patient 1 is ready for treatment plan-
The main view of the checklist soft- CT simulation group has completed its ning. When the radiotherapy plan for Pa-
ware screen is shown in Figure 2 dem- patient checklist for Patient 1, this pa- tient 1 has been completed and reviewed

onstrating what the safety checklist  tient will automatically show up onthe by the attending physician, the dosime-
software program looks like when it physician’s work queue in the checklist trist completes his or her checklist, and
is first opened. The patient list auto- program, notifying the physician that  Patient 1 appears on the Physics work
populates from the Mosaiq CT simu- Patient 1 is ready for contouring. Once queue. The physicist then knows that the
lation schedule each day, so there is the physician has completed contouring  plan for Patient 1 is ready to be checked.
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FIGURE 3. The electronic checklist for (A) physicians and (B) radiation therapists.

The checklist program software cre-
ates a date and time stamp when each
checklist is completed, allowing us

Table 1. Radiation Error Scoring System (RESS)

Severity Level Level Description to track how long the patient’s record
Level | A solitary event that causes no harm to the patient and has spent in each area of the treatment
does not require a change to the radiation prescription. process. The software includes time
Level ll A solitary event requiring a change in the radiation 22;}318;; (illl?jﬁ&ngﬁgggpzﬁslt}::viﬁ
prescription but not felt to pose harm to patients. wally use this daté o help speed up our
Level I Treatment errors with potential for causing permanent treatment planning process.
damage or serious injury to the patient, even if the L L
treatment did not result in any harm and was corrected. Clinical application
Treatment errors requiring a change in the radiation The clinical utility of the electronic
prescription and felt to potentially harm patients or safety checklist program became evident
substantially missing the tumor volume on any treatment. early on. Within the first weeks of going
live, we caught several potentially seri-
Level IV Errors involving a medical reportable event for radiation, ous errors. These were near misses that

such as wrong individual treated, a > 20% intended dose
to the target, or total weekly dose differs from weekly
prescribed dose by more than 30% or substantially
missing the tumor volume for more than half the number
of treatments. The presence of a nonpatient in the
treatment room during an exposure regardless of

dose received.

were not reported in the error-reporting
system because they were caught by the
checklist program at the very beginning
of the planning process. For example, a
physician working on the safety check-
list for a female patient of childbearing
age noticed she had not taken a preg-

Borrowed from Konski A et al.®

After the plan is checked, the physicist
completes the checklist and Patient 1
then appears on the radiation therapy

work queue. This work queue notifies the
therapists on each machine that the plan
for Patient 1 is ready to be checked.

nancy test. The treating physician or-
dered a pregnancy test, which revealed
that the patient was pregnant even
though the patient denied that as a possi-
bility on initial consultation. Reminding

8 W APPLIED RADIATION ONCOLOGY
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the physician to check the pregnancy
status of a woman of childbearing age
prevented a serious error. In another
example, a radiation prescription was
written a few weeks into the imple-
mentation of the checklist program.
The physician typed the prescription
to specify the treatment site as the left
neck. While completing the checklist,
the physician noticed that the right neck
had been contoured as it was the patho-
logic side of disease. This obligatory
double-check that took less than 2 min-
utes of the physician’s time potentially
averted a serious error. To review other
important items on our safety check-
lists, see the physician and therapist
checklists in Figure 3.

The number of errors caught before
reaching the patient (which we call near
misses or “good catches”) is growing in
our department. The severity of errors
was graded according to the Radiation
Error Scoring System shown in Table
1.8 In this system, grade 1 and 2 errors
are classified as near misses (or events
that cause no harm to the patient as de-
fined in the RESS), and grade 3 and 4
errors are those reaching the patient.
This is by no means an ideal grading
system, but we found that it is better
suited for radiation oncology than other
error grading systems. We noticed that
the number of reported errors increased

over time, including after the imple-
mentation of the safety checklists; we
anticipate that the number of errors ac-
tually reaching the patient (grade 3 and
4 errors) is decreasing. Our early expe-
rience demonstrates that the number of
good catches increased after the safety
checklist program was implemented,
and the number of serious treatment
errors or “incidents,” as defined by the
TAEA, decreased.

Conclusion

Safety and quality are extremely im-
portant to treating cancer patients not
only in our radiation oncology depart-
ment but throughout the nation. It took
over 6 months to implement a new
electronic safety checklist program.
This checklist system has been success-
fully implemented in our department,
identifying and improving clinical and
communication issues. Following im-
plementation, we found that the system
helped reduce regulatory and treatment
documentation compliance events,
identify communication problems, and
empower staff to submit “good catch”
issues to a team working to improve
workflow, improve treatment quality,
and improve safety. The program also
enabled us, through time analysis, to
easily identify and improve treatment-
related bottlenecks.

Not only did the electronic checklist
system benefit the overall clinical work-
flow in regard to treatment planning, it
also resulted in an increase in reported
errors (good catches). There was a trend
toward reducing the severity of errors
(more reported “near misses,” fewer
errors reaching the patient), although
more time is needed to determine if the
safety checklists actually reduce the
number of errors reaching patients.
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Impact of irradiation protocol deviations
on the outcome of unresectable stage

lll NSCLC patients receiving concurrent
chemoradiotherapy: Quality-assurance
results of the GFPC-IFCT 02.01 trial

Isubelle Martel-Lafay, MD, Pascul Pommier, MD, Pierre Clavére, MD, PhD, Jeun-Paul Labat, MD, PhD,
Mohumed Benchalul, MD, Jeun-Noél Tulaburd, MD, Eric Teissier, MD, Ahhe d’Homlores, MD,
Emmaunuel Touboul, MD, PhD, Marie Cécile Bozonnat, MD, Anthony Montella, MsC,

Pierre Fournel, MD, und the GFPC IFCT02.01 Teum

dose-effect relationship of exclu-
Asive radiotherapy (RT) is likely

to exist in non-small cell lung
cancer (NSCLC) with lower doses pro-
viding poorer local control.!> However,
high doses result in more severe toxicity.
Based on 3D conformal RT, thresholds
have been established for pulmonary
dose-volume histograms (DVH), with

the aim of avoiding severe radio-induced
pneumonitis.? In selected patients with
unresectable stage III NSCLC, concomi-
tant chemoradiation has proven superior
to sequential combination therapy,*’
but causes more frequent acute esopha-
gitis.®° Therefore, RT quality control is
useful for reducing treatment toxicity and
improving tumor control.

Dr. Martel-Lafay and Dr. Pommier are Radiation Oncologists, Radiotherapy Department,
Center Leon Berard, Lyon, France; Dr. Clavére is Professor and Department Chairman,
Radiotherapy Department, University Hospital Limoges, France; Dr. Labat is a Radiation
Oncologist, Radiotherapy Department, University Hospital, Brest, France; Dr. Benchalal
is a Radiation Oncologist, Radiotherapy Department, University Hospital Rennes, France;
Dr. Talabard is a Radiation Oncologist, Radiotherapy Department, University Hospital
Saint-Etienne, France; Dr. Teissier is a Radiation Oncologist, Radiotherapy Department,
Center Azuréen Mougins, France; Dr. d’Hombres is a Radiation Oncologist, Radiotherapy
Department, University Hospital Lyon, France; Dr. Touboul is Professor and Department
Chairman, Radiotherapy Department, Tenon Hospital APHP, Paris, France; Dr. Bozon-
nat is a Statistician, Clinical Research University Institute, Montpellier, France; Mr. Mon-
tella is a Statistician, Biostatistics Department, Center Léon Bérard, Lyon, France; and
Dr. Fournel is a Lung Specialist, Clinical Oncology, University Hospital, Saint Etienne,
France. GFPC is the Groupe Frangais de PneumoCancérologie, and IFCT is the Inter-
groupe Francophone de Cancérologie Thoracique, France

In some other malignancies, both
toxicity and overall survival (OS) cor-
relate with the quality of RT.!® Very
few data on RT quality are available for
NSCLC, as quality assurance usually
focuses on technical and physical as-
sessment of linear accelerators. 12

We analyzed RT quality in a phase 11
randomized trial of concurrent chemo-
radiation for unresectable stage III
NSCLC. The main objectives were to
assess compliance with the trial’s pro-
tocol and the impact of observed devia-
tions on survival and toxicity.

Materials and methods

The GLOT-IFCT-GFPC 02.01
(Groupe Lyon-Saint-Etienne
d’Oncologie Thoracique, Inter-
groupe Francophone de Cancérologie
Thoracique, Groupe Francais de
Pneumo-Cancérologie), study was a
multicenter randomized phase II trial

10 ®  APPLIED RADIATION ONCOLOGY

www.appliedradiationoncology.com

July 2014



Planned

Table 1. Definition of major and minor deviations
from radiotherapy protocol guidelines

Immobilization device

Dose per fraction (Gy) 2

Total dose (Gy) 66

Elective node irradiation  not allowed

Beam number =6

Portal imaging before RT done

Portal imaging during RT Weekly >6

RT duration (days) 45

Treatment interruption 0

(days)

Pulmonary DVH V20 <30

V30 <20

Personalized T-bar device

Minor deviation Major deviation
none

1.8 <1.8

60to63and>69 <60

done

5 <5

----- not done

<6 <3

>48 >55

<7 >7

30%<V20<40% V20>40%

20%<V30=30% V30>30%
DVH not done
missing data

of concurrent chemoradiation either
preceded (arm A) or followed (arm
B) by chemotherapy for unresect-
able stage III NSCLC. The chemo-
therapy regimen was cisplatin 80 mg/
m? and paclitaxel 200 mg/m? every
21 days for two cycles, cisplatin
80 mg/m? every 21 days, and vinorelbine
15 mg/m? weekly concurrently. Standard
inclusion criteria applied.

The trial’s RT protocol conformed
to European Organisation for Research
and Treatment of Cancer (EORTC)
guidelines.'? The gross tumor volume
(GTV) included the primary tumor
and enlarged mediastinal lymph nodes
(smallest diameter > 1 cm). Prophylac-
tic node irradiation was not authorized.
The planning treatment volume (PTV)
was defined as GTV + 15 mm without

field reduction. A personalized immo-
bilization device was required for CT
scanning in the treatment position. The
total dose was 66 Gy in 33 fractions.
Three-dimensional conformal irradia-
tion was mandatory. Maximum spinal
cord dose was 46 Gy. Pulmonary DVH
were required, with the following rec-
ommended values: V20 < 30% and
V30 <20%. Six beams or more had to
be used. All fields were verified before
starting treatment, and weekly thereaf-
ter. All patients were examined weekly
by the radiation oncologist, who scored
acute toxicity according to the CTCAE
v3 scale. The following items were col-
lected and reviewed twice a year by the
GFPC radiation oncologists panel: im-
mobilization device, total dose, dose per
fraction, prophylactic nodal irradiation

(supraclavicular or mediastinal), num-
ber of beams, control imaging before
and during irradiation, treatment dura-
tion, treatment interruption (number of
days, reasons), and pulmonary DVH.

As the aim of this study was to assess
the quality of RT, the analysis included
only patients who completed the concur-
rent chemoradiation. Major (MD) and
minor (md) deviations were defined for
11 criteria (Table 1). Four clinically most
relevant MDs were grouped together for
analysis: the total dose, the pulmonary
V20 DVH (V20), treatment interruption
and elective node irradiation.

Statistical analysis

Comparisons were made using the
chi-2 or Wilcoxon test. The survival
time was calculated from the date of
cancer diagnosis to the date of death, or
censored at the date of last follow-up for
survivors, based on Kaplan-Meier esti-
mates.'* Progression-free survival was
calculated from the date of cancer di-
agnosis to the date of progression. Cox
proportional hazards models were used
to test the effect of each deviation, with
adjustment for the treatment arm.

Results

Between May 2002 and March 2005,
132 patients were irradiated in 28 cen-
ters. Median follow up was 44.9 months
(95% CI: 42.3-47.4). Five patients were
ineligible, 18 patients were excluded
before concomitant treatment, and 8
patients did not receive the entire irradi-
ation. The remaining 101 patients com-
pleted the concurrent chemoradiation
and constituted the study population
(Figure 1). The characteristics of the
patients were well-balanced between
the two arms, except for the histological
type (Table 2).

Grade 1-2 pulmonary toxicity affected
24% and 25% of the patients, respec-
tively, in arm A and arm B; one case of
grade 5 pulmonary toxicity occurred
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132 included pts

127 randomized pts
Arm A: 64 pis
Amm B: 63 pts

109 evaluable pts
Arm A: 59 pts
Amm B: 50 pts

Y

101 analysable pts
Arm A: 55 pts
Arm B: 46 pts

5 ineligible pts:

stage I1 (1), stage IV (1), small cell
lung cancer (1), inadequate tumour
volume (1), supracavicular
involvement (1)

18 excluded pts: surgery (2),
CT toxicity (7), intercurrent

disease (3), progressive
disease (3), RT delay (1)

RT interruption for §
pts: infection (3),
pulmonary embolism
(1), oesophageal fistula
(1), myocardial
infarction (1), metastatic
spread (1), grade 3

FIGURE 1. FLOW CHART Arm A: Induction chemotherapy; Arm B: Consolidation chemo-

therapy.

in arm B. Grade 3-4 esophageal toxic-
ity affected 15.8% of patients overall
(6 patients in arm A, 10 patients in arm
B). The 2-year OS rates were 47% and
43% in arms A and B, respectively, and
the objective response rates were 55%
and 48%.

Full data on RT were provided by
all but 3 of the radiotherapy centers (6
patients). All patients received an ad-
equate photon energy, and most patients
received 2-Gy fractions. Twelve pa-
tients (13%) had a treatment interrup-
tion of one week or more.

Among the 101 assessable patients,
69 (68.3%) had at least one MD, 27

(26.7%) had at least one md, and 5 (5%)
had no deviation (Table 3).

The most frequent MDs were an in-
appropriate number of beams in 27
(27.6%) cases, and inadequate values
for pulmonary DVH, respectively, in 26
patients (25.7%) for V20, and 29 patients
(28.7%) for V30. Other MDs were pro-
phylactic nodal irradiation and treatment
interruption lasting >1 week. The total
dose was that recommended, except in
7 patients. There was a strong correla-
tion between the total dose and treatment
interruption (p < 0.0001). Age, gender,
weight loss, histological type and tumor
stage were not predictive of MD risk.

There was a significant difference be-
tween the 2 treatment arms with respect
to V20 MDs (17.4% in the induction arm
versus 32.7% in the consolidation arm, p
=0.04). The reduction in tumor volume
after 2 cycles of induction chemotherapy
may explain this difference. There was
no difference between the treatment
arms with respect to the total dose, RT
duration or elective nodal irradiation.

Consequences of the deviations

The 2-year OS tended to be lower
in patients with at least one MD (40%,
95% CI: 28.1; 51.9) than in patients
with no MD (53.1%, 95% CI: 35.8,;
70.4), as well as the median OS (19 ver-
sus 25.3 months, p = 0.31), but the dif-
ference was not statistically significant.
When considering only the 4 clinically
relevant MDs (total dose, V20, treat-
ment interruption, elective nodal irra-
diation), outcome tended to be poorer
among patients with MDs than in pa-
tients without MD: The median OS
times were respectively 13.3 and 19
months, and the 2-year OS rates were
respectively 31% (95% CI: 17.8; 45)
and 54.5% (95% CI: 10.6; 66.6) (p =
0.077, Figure 2). OS was significantly
affected by deviations from the total
dose (p =0.0001) and by treatment in-
terruption (p = 0.0003), but not by V20
or elective nodal irradiation (Figure 3).
Patients with MD from the total dose
had a median OS of 4.8 months, com-
pared to 23 months in other patients,
and the difference in the 2-year OS rate
was huge (0% versus 47.8%, 95% CI:
37.2; 57.6). Patients with MDs due to
treatment interruption received a lower
total dose (54.7 Gy vs 66 Gy), which
likely influenced their OS. In multivari-
ate analysis, the only factor predictive
for alower OS was TL

There was no difference in progres-
sion-free survival or the time to local
progression according to the MDs. Me-
tastasis-free survival was significantly
shorter in patients with MDs for treat-
ment duration (p =0.004).
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Table 2. Characteristics of the patients in the two treatment arms.
Arm A: induction chemotherapy,
Arm B: consolidation chemotherapy; (* = p < 0.05)
ArmA ArmB All
N=46 % N=55 % N=101 %

Age (min-max) 56.5 (40-69) 58.7 (42-70) 57.7 (40-70)
Gender

Male 43 93.5% 47 85.4% 90 89.1%
PS

0 30 68.2% 42 77.8% 72 71.3%

1 14 31.8% 12 22.2% 26 25.7%
Weight loss >5%

No 35 77.8% 40 741% 75  74.3%
Histology*

AdenoCa 14 31.1% 16 32.0% 30 29.7%

Squamous cell Ca 18 40.0% 30 60.0% 48 47.5%

Large cell Ca 13 28.9% 4  8.0% 17  16.8%
Stage

IIA N2 10 21.7% 16 29.1% 26 25.7%

B 36 78.3% 39 70.9% 75 74.3%
Local progression

No 36 78.3% 49 90.7% 85 85.0%

Yes 10 21.7% 5 9.3% 15  15.0%
Distant progression

No 24 52.2% 27 50.0% 51  51.0%

Yes 22 47.8% 27 50.0% 49  49.0%
Death

No 11 25.0% 17 32.1% 28 28.9%

Discussion outcome. Despite protocol requirements

The study’s aim was to assess the
quality of RT and its impact on patient
outcome. In published trials of concur-
rent chemoradiation, information on the
RT is restricted to the total dose, fraction-
ation and recommended volumes.® Data
on the treatment actually administered
are rarely provided.®’ In definitive ra-
diotherapy, the volumes, total dose and
toxicity are strongly related. As radio-
therapy plays a major role in the local
control of unresectable NSCLC, the
question arises as to whether the qual-
ity of radiotherapy is related to patient

concerning centralized review of the
radiotherapy data, some centers failed
to provide their patients’ records, or
provided only very sketchy information
with many missing data.

The OS time in the entire study popu-
lation was slightly longer than in other
series of concurrent chemoradiation for
NSCLC, with a median of 20.2 months,
compared to 15 months in the French
GFPC 95.01 study,” 17.1 months in the
Radiation Therapy Oncology Group
(RTOG) 94.10 study,'® and 16.5 months
in the Japanese trial'® and the EORTC

study.® OS was significantly influenced
by the total dose (4.8 months if < 60 Gy
vs 21.9 months if > 60 Gy, p <0.0001),
as in previous studies that showed that
the total dose must be > 60 Gy for cura-
tive purposes.'?

OS was also negatively affected by
treatment interruption and by a longer
radiotherapy duration (p =0.005 and p =
0.0001, respectively), as was metastasis-
free survival (p = 0.047 and p = 0.002,
respectively). Treatment interruption is a
well-known prognostic factor in patients
with head-and-neck tumors or cervical
cancer.'!3 Fowler suggested that clono-
gens proliferated within the tumor after 3
or 4 weeks of radiotherapy.' Machtay et
al.? pooled patient data from 3 RTOG tri-
als, including concurrent chemoradiation
for unresectable NSCLC, with most pa-
tients receiving hyperfractionated radio-
therapy. Altogether, 18% of the patients
had treatment interruption lasting more
than 5 days. The median OS was not
significantly better among patients who
completed their treatment on time (19.5
versus 14.8 months, p=0.15).

In multivariate analysis, prolonged
treatment time was associated with
poorer OS (hazard ratio 1.02, CI: 1.003-
1.03, p=0.01) and a lower total dose (p
=0.03). In the present study, there was
also a strong correlation between treat-
ment interruption and total dose. In the
12 patients who had MD for treatment
interruption, the mean total dose was
54.7 Gy, compared to 66 Gy among
patients with no delay (p < 0.0001).
Progression-free survival and locore-
gional progression-free survival were
not affected by the occurrence of MDs,
suggesting that the impaired survival
reported in the deviation group was
not related to an increased rate of lo-
coregional recurrence. Treatment in-
terruption (p = 0.047) and longer RT
duration (p = 0.002) were associated
with a poorer metastasis-free survival.
The small size of this study probably ex-
plains the lack of any significant differ-
ence in OS according to the occurrence
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Table 3. Observed major and minor deviations (* = p < 0.05)

of any MD or any of the 4 clinically rel-
evant MDs.

All ArmA ArmB Prophylactic nodal irradiation was
N=101 % N=46 % N=55 % delivered to 17 (16.8%) patients, either
All deviations to uninvolved mediastinal areas or to
MD 69 68.3 34 739 35 63.6 the supraclavicular fossae. Some stud-
Md 27 26.7 10 21.7 17 30.9 ies have shown no improvement in local
No deviation 5 5.0 2 43 3 5.5 control or survival with elective node
Total dose (Gy) irradiation.?!->2 In the present study, pa-
MD 7  7.0% 3 6.5% 4 7.4% tients receiving prophylactic node irra-
Md 6 6.0% 2 4.4% 4 7.4% diation did not have worse pulmonary
no deviation 87 87.0% 41 89.1% 46 85.2% DVH values, and were not at a greater
Pulmonary DVH V20Gy risk of receiving an inadequate total ra-
MD* 26 25.7% 8 17.4% 18 32.7% diation dose. This could be explained
Md 30 29.7% 12 26.1% 18 32.7% by the use of field reduction techniques
No deviation 45 44.6% 26 56.5% 19 34.5% to avoid excessive irradiated volumes,
Pulmonary DVH V30Gy and by the central location of the node
MD 29 28.7% 12 26.1% 17 30.9% areas in the chest. Pulmonary DVH val-
Md 35 34.7% 15 32.6% 20 36.4% ues for V20 and V30 were extremely
No deviation 37 36.6% 19 41.3% 18 32.7% variable, ranging from 9% to 64% and
Treatment Interruption (days) from 3% to 61%, respectively. For
MD 12 13.0% 5 11.4% 7 14.6% V20, the median value was 31.4% and
Md 13 14.1% 4 91% 9 18.7% the mean value was 30.5%. According
No deviation 67 72.8% 35 79.5% 32 66.7% to the protocol, the percentage of lung
RT duration (days) receiving more than 20 Gy should not
MD 10 10.3% 4  8.9% 6 11.5% have exceeded 30%, which is a stricter
Md 47 48.5% 20 44.4% 27 51.9% cut-off than the 35% accepted in most
No deviation 40 41.2% 21 46.7% 19 36.5% recent studies. Nevertheless, MD from
Elective node irradiation V20 was defined as V20 >40%, which
MD 17 16.8% 7 15.2% 10 18.2% is well above the maximal value recom-
No deviation 84 83.2% 39 84.8% 45 81.8% mended. After excluding missing values
Immobilization device (11 patients), 24 (23.8%) patients had
MD 7 177% 4 95% 3 6.1% V20 >35% and 15 (16.7%) patients had
Md 20 22.0% 9 21.4% 11 224% V20 > 40%. The rates of MD for the
No deviation 64 70.3% 29 69.1% 35 71.4% total dose (7%) and pulmonary DVH
CT scan (25.7%) seem to show that radiation
No deviation 101 100.0% 46 100.0% 55 100.0% oncologists preferred to stick to the rec-
Dose per fraction ommended dose while accepting inad-
Md 9 9.0% 2 4.3% 7 13.0% equate pulmonary DVH values.
No deviation 91 91.0% 44 95.7% 47  87.0% The question of whether the PTV, the
Beam number GTYV, or neither should be subtracted
MD* 27 27.6% 19 41.3% 8 15.4% from the total lung volume when calcu-
Md 5 51% 0 0.0% 5 9.6% lating DVH values is controversial, and
No deviation 66 67.3% 27 58.7% 39 75.0% practices vary across published stud-
Imaging before RT ies.!? The protocol guidelines required
MD 11 11.6% 6 13.6% 5 9.8% the PTV to be subtracted from the total
No deviation 84 88.4% 38 86.4% 46 90.2% volume of the two lungs. Despite the
Imaging during RT large number of patients with DVH
MD 20 33.3% 8 25.8% 12 41.4% values outside the recommended range,
Md 10 16.7% 6 19.4% 4 13.8% this deviation did not correlate with in-
No deviation 30 50.0% 17 54.8% 13 44.8% creased toxicity. The incidence of acute
14 W APPLIED RADIATION ONCOLOGY www.appliedradiationoncology.com July 2014
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FIGURE 3. (A to D) Overall survival according the four major deviations (Total Dose, V20,
treatment interruptions, Elective Nodal Irradiation); black lines correspond to patients with
deviations and grey lines to patients without deviations.

pulmonary toxicity was low and simi-
lar to that reported in randomized tri-
als of concurrent chemoradiation and
in the Cochrane review>-1316 A Japa-
nese study focusing on radio-induced

pneumonitis following concurrent
chemoradiation showed a 28% crude
incidence of grade 2 or higher pneu-
monitis. Severe toxicity (grade > 3) af-
fected 4.2% of patients.?® This confirms

that radiation pneumonitis may be over-
looked unless specifically sought.

In a recent retrospective study focus-
ing on dosimetric factors associated
with treatment-related pneumonitis in
patients with NSCLC receiving concur-
rent chemoradiation, the cumulative
rate of severe pneumonitis was 22% at
6 months and 32% at 12 months, which
is higher than the rates usually reported.
The authors found that V5 (the percent-
age of lung volume receiving 5 Gy) was
the most relevant factor for predicting
pulmonary toxicity, with pneumonitis
incidence rates of 3% and 38% for V5
< 42% and > 42%, respectively. The
influence of the mean lung dose was
confirmed, with a threshold of 16.5 Gy.
Interestingly, the patients analyzed had
mainly received platinum-taxane or
platinum-etoposide combinations and,
occasionally, irinotecan, gemcitabin
or doxorubicin-based regimens, which
are known to be highly radiosensitiz-
ing and could explain the high rates of
severe pulmonary toxicity.?* Concur-
rent chemoradiation with cisplatin and
vinorelbine is usually better tolerated
than other chemotherapy regimens,® as
confirmed in this trial. In a literature-
based review of clinically relevant radia-
tion pneumonitis following concurrent
chemoradiation for lung carcinoma, the
rate of severe radiation pneumonitis was
7.8% and the only factor associated with
an increased incidence of toxicity was a
fraction size larger than 2.67 Gy.?

In a more recent retrospective study,
the incidence of severe radiation pneu-
monitis was similar (8.3%), and the
only factors associated with a higher
incidence were performance status (1
versus 0) and female gender.?® The
number of events suggestive of severe
radiation pneumonitis was insufficient
to test these hypotheses. Unfortunately,
the protocol was not designed to collect
treatment planning volumes, and it was
not therefore possible to study correla-
tions between these volumes and toxic-
ity, survival or loco-regional control.
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Conclusion

This study shows an association be-
tween poorer overall survival and pro-
longed irradiation in a homogenous
group of patients treated with concur-
rent chemoradiation and conventional
fractionation. This calls for procedures
to obtain treatment planning data before
randomization, in order to include only
patients whose V20 pulmonary DVH
is no more than 35%. The next step will
be to organize a centralized review of
radiotherapy quality criteria and proto-
col compliance before participating ra-
diation oncologists are allowed to enroll
patients, as is already the case in some
multicenter studies.
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