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Background: We evaluated the efficacy of our quality assurance (QA) program of radiation
therapy (RT) in a prospective phase Il study. This is the first description of the experience of
the Japan Radiation Oncology Group (JAROG) with this program.

Methods: Clinical records, all diagnostic radiological films or color photos that depicted the
extent of disease of 37 patients with stage IEA extranodal margina! zone B-cell lymphoma of
mucosa-associated lymphoid tissue (MALT lymphoma) were collected for review. Radiation
therapy charts, simulation films or digitally reconstructed radiographs, portal films and
isodose distributions at the central axis plan were also reviewed. All documents were digitally
processed, mounted on Microsoft PowerPoint, and for security returned from researchers by
mail in CD-ROM format. The QA committee members reviewed all documents centrally, utiliz-
ing the slide show functionality.

Results: All patients were prescribed their specified dose to the dose specification point in
accordance with the protocol. Three patients were regarded as deviations, because of a
smaller margin than that specified in the protocol (n = 2) or a prolonged overall treatment
time (n= 1). No violations were observed in this study.

Conclusions: This is the first report with regard to the QA program in MALT lymphoma. We
demonstrated that our QA program was simple and inexpensive. We also confirmed that the
radiation oncologists in Japan adhered closely to the protocol guidelines.

Key words: MALT lymphoma — quality assurance — QA program — radiation therapy

INTRODUCTION

It has been estimated that about 170 thousand cancer patients
will be treated with radiation therapy (RT) either as part of
their primary treatment or in connection with recurrences or
palliation in 2005 in Japan (1). It is anticipated that RT will
play an increasingly important role because of the

improvements of early detection of and screening for cancer.
Furthermore, other factors will also prompt the use of RT:
the trend toward less drastic organ-conserving surgery com-
bined with adjuvant RT; the improvement in identification of
patients with high risk of developing loco-regional recur-
rences following surgery; and the aging population of Japan.
It is undeniable that the deleterious consequences of poor
quality treatment contribute not only to the rise of compli-

For reprints and all correspondence: Koichi Isobe, Department of

Radiology, Chiba University Hospital, 1-8-1 Inohana, Chuo-ku, Chiba 260-
8677, Japan. E-mail: isobeko@ho.chiba-u.acjp

cations but also to deterioration of outcomes. They also lead
to both an increase in health care costs and a decrease in the

© 2007 Foundation for Promotion of Cancer Research
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quality of life. Thus, it has long been recognized that quality
assurance (QA) in RT is vital to guarantee provision of safe
and effective treatments (2—-12).

The Radiation Therapy Oncology Group (RTOG) and
European Organisation for Research and Treatment of Cancer
(EORTC) are the two largest working organizations present-
ing the models for the application of valid QA procedures in
radiation oncology trials. Both organizations have funding for
centralized data collection, inter-institutional dosimetry pro-
grams and regular site visits, utilizing medical, dosimetric
and physics staff. For the data to be useful with regard to RT,
a rigorous review process must be implemented to document
the radiation used, volume irradiated, fraction size and dose
delivered to comply with the designated therapeutic protocol.
This is the most accurate way to confirm the uniformity of the
treatment and usefulness of the outcome data.

The Japan Radiation Oncology Group (JAROG) con-
ducted a QA program to guarantee the treatment quality of
RT in a phase II study. This study evaluated the efficacy and
toxicity of moderate dose RT for patients with extranodal
marginal zone B-cell lymphoma of mucosa-associated lym-
phoid tissue (MALT lymphoma). In pursuing the project, the
JAROG were faced with a difficult situation in order to
ensure that the clinical and technical compliance to the
specified protocol was satisfactory, without having the finan-
cial, structural or personnel resources to conduct a compre-
hensive clinical QA program. Thus, we developed a simple
and less expensive computer based method to easily execute
our QA program.

Our QA program was based on a central radiation oncolo-
gical review of all patients’ diagnostic imaging, color photo-
graphs and clinical findings. Additionally, an individual RT
prescription for every patient was provided. All of these
documents were digitally processed, and were mailed to
researchers in CD-ROM format. The purpose of the present
study was to assess the feasibility of such a procedure in
multicenter trials and its impact on the definition of the
extent of disease and patients’ treatment among Japanese
radiation oncologists. This is the first report describing the
QA program in MALT lymphoma.

METHODS
Stubpy DEsiGN

From April 2002 to November 2004, 37 eligible patients
with stage IEA MALT lymphoma received RT. The protocol
specified three different total doses of RT, which were
dependent on the tumor location and its maximum diameter.
Patients with orbital disease or those who had minimal
residual disease after surgical removal received 30.6 Gy.
Patients with tumors that were less than 6 cm received RT
with 36 Gy, and those with > 6 cm of disease were treated
with 39.6 Gy. A fraction size was 1.8 Gy in every setting.
The clinical target volume (CTV) was defined as an entire
involved organ (orbit, thyroid, salivary gland, breast) or

gross tumor volume (GTV) with a margin of at least 20 mm.
We did not intend to treat the adjacent first echelon lymph
node region. A lens shield was placed to prevent this except
where the block compromised tumor coverage. Radiation
doses were specified according to the report of ICRU 50. In
electron beam therapy, doses were specified at the peak dose
on the beam axis reached.

PROCEDURE OF QUALITY ASSURANCE PROGRAM

Clinical records, all diagnostic radiological films or color
photos that depicted the extent of disease of all patients were
collected for review. Radiation therapy charts, simulation
films or digitally reconstructed radiographs, and portal films
were reviewed. In cases of patients who received electron
beam RT, color photos demonstrating the treatment position
in the treatment room were assessed. The isodose distri-
butions at the central axis were also submitted for review. In
addition to the evaluation of adherence of the protocol, an
evaluation of the response assessment was examined by
reviewing the clinical records, diagnostic radiological films
and color photos. All documents were digitally processed,
and mounted using Microsoft PowerPoint. Each researcher
de-identified all materials before submission. Afterwards,
each researcher returned the data via a CD-ROM, and the
QA committee member reviewed it using the slide show
functionality. The patient data was not delivered via the
internet for reasons of security. Figure 1 shows an example
of the PowerPoint template.

Our QA programs included evaluation of the fraction size,
the elapsed days, the prescribed dose to the reference point,
the relationship between GTV, CTV and radiation field, and
the difference between simulation film and portal film. The
isodose distributions were also examined as reference data.

DermiTioN oF ProTocoL VIOLATIONS AND PratocoL DEVIATIONS

Protocol violations were defined as a fractional dose less
than 1.5 Gy, a total dose to the reference point either <90%
or >110% of the dose prescribed in the protocol, the incom-
plete coverage of GTV, and more than 1 cm of difference
between simulation film and portal film. In addition, protocol
deviations were defined as an overall treatment time either
<three weeks or >six weeks, the difference between
simulation film and portal film >5 mm, the field border
<20 mm away from CTV, and a dose to the reference point
either <95% or >105% of the dose prescribed in the
protocol.

RESULTS

We held the QA committee meeting on 19 March 2005.
There were no missing data for any patients, and all docu-
ments were of adequate quality for review. Table 1 shows
the relationship between the RT technique and primary site.
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‘ase 30 B Case 30
Demographics Pre-treatment diagnostic films
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Years Old, Female
* Left Orbit  (Rizhior Letod
- Stage IF,. {(Tumor size :
cm)}
* Radiation therapy
Energy: 4MV-X
Total dose: 30.6 Gy
Fraction size! 1.8 Gy

Number of fraction: 17
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Pre-treatment key films
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Radiation therapy chart
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Figure 1. Examples are shown of the types of data that were used in this template. (A) a patient demographics, (B) pretreatment diagnostic films, (C) pretreat-
ment key films, (D) digitally reconstructed radiograph (DRR) and portal film, (E) dose object, (F) radiation therapy chart, and (G) post treatment diagnostic
films. The original documentation was written in Japanese. ( Please note that a colour version of this figure is available as supplementary data at http://

www jjco.oxfordjournals.org)
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The most common field arrangement was a single anterior—
posterior field (41% of patients), and two oblique fields
follow (30%). Two anterior—posterior or lateral opposing
field techniques were employed in nine patients (24%). No
patient received RT with a 3D conformal technique or inten-
sity modulated radiation therapy (IMRT). All patients were
prescribed their specified dose to the dose specification point
in accordance with the protocol. No patients received RT
with a fraction size other than 1.8 Gy. Only one patient
required an overall treatment time more than 6 weeks, which

was defined as deviation. The cause of this prolonged treat-

ment time was merely personal. Adequate tumor coverage
was achieved in 95% of the patients. Although CTV was
covered enough in the treatment volume, the field border
was placed with smaller margin (<20 mm) than that speci-
fied in the protocol in the remaining two patients. These two
cases were defined as deviations. The isodose distributions at
the central axis plan were acceptable in all patients. Overall,
deviations were observed in three patients and the QA com-
mittee concluded that 92% of patients received RT as speci-
fied by the protocol. No protocol violations were observed in
this study.

Because all documents were digitally processed in this
study, the cost per patient, including CD-ROM and postage,
was about ¥150 (i.e. about US$1.30). It took about an hour
to prepare each patient data for review.

DISCUSSION

This report described our initial experience with a QA
program in a multi-institutional prospective study. Our
program is very simple and inexpensive. Ishikura et al. (13)
investigated the quality of RT in a Japanese clinical trial and
found that 60% of patients received less satisfactory RT in
2001. They extended their research to 2005 and demon-
strated that protocol violation decreased dramatically to less

Table 1. Primary site and RT technique

Primary site RT technique
AP Oblique Opposing field Others

Orbit 15 6 3 : 0 .
Thyroid 0 3 | o 0
Salivary gland 0 2 2 0
Waldeyer’s ring 0 0 2 1]
Prostate 0 0 0 ]

Lung 0' 0 0 1
Cecum 0 0 | 0

Total 15 n - 9 2

RT, radiation therapy; AP, single anterior-posterior field; Opposing field,
two anterior-posterior or lateral opposing field techniques.

than 5%. The early RTOG study also showed that the fre-
quency of major and minor deviation was as high as
between 60 and 70%. They reported that the appropriateness
rate rose over time, because the participating radiation oncol-
ogists became familiar with the protocol (2). The
Trans-Tasman Radiation Oncology Group (TROG) also
demonstrated an improvement in QA over time (14). Our
observation that 92% of patients received RT per protocol
specification was very promising for the initial QA experi-
ence. In addition to the decrease of protocol violation over
time, Halperin et al. (15) reported that institutional experi-
ences affected the incidence of major deviations. RTOG also
found that the QA performance was significantly better at
principal centers compared with satellites. We were not able
to assess institutional difference, because only three patients
were judged as being a violation of protocol guidelines.

It has long been realized that the quality of treatment
seriously affects the outcome of clinical trials. Several
groups have evaluated the relationship between violation and
staging, treatment strategies, and outcome. The German
Hodgkin’s Study Group (GHSG) evaluated the quality of RT
for early stage HL (Hodgkin’s lymphoma) and found that
freedom from treatment failure (FFTF) was significantly
influenced by the quality of RT. Those who received RT as
per protocol obtained 82% of FFTF, and those with violation
demonstrated only 70% of FFTF after five years (16).
Furthermore, they observed that the disease extent recorded
on the case report forms was significantly different from that
shown on diagnostic CT, which resulted in a change of
disease stage, treatment group allocations, and treatment
volume (17,18). As these misinterpretations lead to protocol
violations, they recommended an early central prospective
review. Dieckmann and colleagues (19) also concluded that
an up-front centralized review of patient data and consecu-
tive set-up and delivery of individualized treatment proposals
for every patient are feasible within a large multicenter trial
involving pediatric HL.

However, two groups have concluded that violation did
not lead to a detrimental treatment outcome. The EORTC
20884 trial evaluating the efficacy of involved field RT in
patients with advanced HL demonstrated that 47% of
patients received RT with major violation (20). However,
their conclusion was that the outcome was not influenced by
violation of the radiotherapy protocol. In another multicenter
trial involving pediatric medulloblastoma, 57% of the fully
evaluable patients had one or more major deviations in their
treatment schedule (21). Major deviations regarding the
treatment site were also found in more than 40% of patients.
Despite these high major deviation rates, underdosage or
geographical misses were not associated with a worse
outcome. Although these two groups did not demonstrate a
relationship between violation and treatment outcome, it is
assumed that these high violation rates make it difficult to
correctly understand the true message of clinical trials. With
respect to violation rates, our present trial was satisfactory
and the outcome data are robust.



Advances in imaging and other technology have enhanced
our ability to create complete anatomic and functional 3D
data for each patient that facilitates the use of advanced tech-
nology RT delivery tools, including 3D conformal RT, inten-
sity modulated RT, stereotactic RT and radiosurgery, and
image-guided RT. Implementing these advanced technol-
ogies safely in clinical practice will require innovative and
efficient methodologies for clinical QA. For example, Palta
et al. (22) introduced the new web-based QA program to
allow the rapid peer review of radiotherapy data through a
simple personal computer-based web browser. RTOG has
already developed a web-based QA program, and EORTC
will also adopt a similar system to facilitate their QA
program.

This is the first report that evaluates the QA program in
MALT lymphoma. The technical deviation rate, technical
data quality and completeness of this phase II trial were
acceptable, and in addition our QA procedures were inexpen-
sive and not time consuming. Furthermore, in multi-
institutional studies, this analysis continues to lend credence
to efforts related to QA for RT.
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Abstract. Background: A multi-institutional clinical trial was
conducted for localized lymphoma. This study evaluated
whether a quality assurance (QA) program could clarify the
source of variation in radiotherapy treatment between the
institutions. Materials and Methods: Two- or three-dimensional
treatment planning is required to cover the target volumes
adequately and to minimize doses to organs at risk. An original
QA tool was used to compare pretreatment images with portal
images and dose distribution, concurrently. Results: In two of
the first 12 cases, there was a deviation in the delineation of
planning target volume (PTV). The QA committee clarified that
there were ambiguities in the definition of PTV. The study office
distributed a memorandum outlining the definition of PTV in
order to reduce deviations. Thereafter, a minor deviation was
identified in one of the latter 11 cases. Conclusion: This QA
program clarified the source of variation, and adapted the
policy to reduce these problems.

Short-course CHOP (cyclophosphamide, doxorubicin,
vincristine and prednisolone) followed by involved-field
radiotherapy has been considered the standard care for cases
of localized aggressive non-Hodgkin’s lymphoma (NHL) (1).
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Howeyver, there is still a need to establish standard care for
elderly patients. Increased age at diagnosis is not only a poor
prognostic factor in aggressive NHL, but is also associated with
greater treatment-related toxicity such as severe infection and
organ dysfunction (2, 3). It has been reported that an actual
dose-intensity of doxorubicin of more than 75% is the single
most important predictor of survival (4). Dose-reduction of
chemotherapy for the elderly has led to poor treatment
outcomes. In order to establish an appropriate treatment
schedule for such cases, the Japan Radiation Oncology Group
(JAROG) conducted a multi-institutional prospective study to
evaluate the safety and efficacy of a three-course 80%-dose
CHOP regimen followed by involved-field radiotherapy in
patients over 70-years-old with localized disease (5).

To ensure that the trial results were not compromised by
the use of inappropriate techniques, or large variation in the
quality of the treatment techniques, the protocol prescribed
the rules and regulations of chemotherapy and radiotherapy.
Quality assurance (QA) procedures are important to
guarantee a uniform quality of treatment among participating
institutions. The European Organization for Research and
Treatment of Cancer (EORTC) and other collaborative
groups have developed effective systems for the application
of valid QA procedures in radiation oncology trials (6-9). The
JAROG QA committee employed an original QA tool and
performed central individual case reviews to guarantee the
quality of radiotherapy.

This study evaluated whether a QA program could clarify
the source of variation in radiotherapy treatments between
the participating institutions and could adapt the policy to
reduce them.
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Materials and Methods

The eligibility criteria, treatment schedule, and stopping rules have
previously been reported in detail (5). The treatment consisted of
an 80%-dose CHOP regimen for three cycles followed by involved-
field radiotherapy of 30-50 Gy. The involved-field was defined as
the area including the primary lesion and involved nodes
determined by pretreatment evaluations and the adjacent
uninvolved nodal area or region. The radiation dose was 30-30.6
Gy given in 15-20 fractions over 3-4 weeks for patients who
achieved complete remission (CR), and 40-50 Gy in 20-28 fractions
over 4-6 weeks for those who did not achieve CR. Response was
assessed using the standard criteria (10). Two-dimensional or
computed tomography (CT)-based three-dimensional treatment
planning was required to adequately cover the target volumes and
to minimize the doses to organs at risk such as the eyes, brain stem,
spinal cord and visceral organs.

The gross tumor volume (GTV) was the gross palpable or visible
extent and location of disease. The clinical target volume (CTV)
was the volume that included demonstrable GTV and/or subclinical
microscopic disease (at least 2 cm from GTV in any direction and
the regional node area). The planning target volume (PTV) was a
geometric concept and was defined to select the appropriate beam
energy and beam arrangements, taking into consideration all
possible geometric variations in order to ensure that the prescribed
dose was actually administered.

The JAROG QA committee employed an original QA tool that
was made using Microsoft PowerPoint, to compare pre-
chemotherapy CT images and/or magnetic resonance images
(MRI) with portal images and dose distribution, concurrently
(Figures 1 and 2). Data from individual cases were sent to the
review center using CD-ROMs. The following parameters of
treatment records and charts were evaluated by the QA review
board: pre- and post-chemotherapy CT and/or MRI; simulation
images; portal images; dose distribution; prescribed dose; dose
fractionation and overall treatment time and dose to the risk
organs. Compliance was defined as treatment in accordance with
the protocol guidelines, while deviation was defined as treatment
that differed from the protocol guidelines, but was not considered
to compromise the clinical outcome, and violation was defined as
treatment that was considered to have compromised the clinical
outcome or induced severe adverse effects. Protocol violations
included the incomplete coverage of the GTV, a dose to the
reference point either less than 90% or more than 110% of the
dose prescribed in the protocol or a fractional dose less than 1.5
Gy. Furthermore, more than 1 cm of difference between the
simulation film and the portal film was also defined as a violation.
The first QA review committee was held after enrollment of half
of the planned number of cases was completed, and the second was
held after termination of this study.

Results

Twenty-four cases were enrolled from eight Japanese
institutions between December 2000 and February 2004.
The primary sites and patient characteristics are shown in
Table I. The study protocol was not completed in three
patients, who each received only two cycles of
chemotherapy. These three patients received radiotherapy
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Table 1. Patient characteristics.

Characteristics No. of patients (%)
Age, years
Median 75
Range 70-84
Location
Waldeyer’s ring 1 (46)
Neck node 6 (25)
Maxillary sinus 3 (13)
Thyroid 2 ®)
Parotid gland 1 “)
Paravertebral area 1 )
Stage
I - 16 67)
I1 8 (33)
“Tumor size _ .
<6 cm 19 (79)
6 cms, <10 cm 4 a7
=10 cm 1 . @)

after ‘going off-protocol, and then all 24 enrolled cases
received radiotherapy. Data from 23 cases were available for
QA review, while the QA committee could not collect the
data from one case.

There were no protocol violations in the 23 cases.
Deviations in delineation of the PTV were identified in
three cases (13%). All cases complied with the prescribed
dose, dose fractionation, overall treatment time,
homogeneity of dose distribution at the iso-center plain
(90-110% iso-dose line) and dose to the organs at risk
including the eyes, brain stem and spinal cord (<40 Gy).

In two of the first 12 cases, there was a deviation in
delineation of PTV. One case had stage II disease, which
was located in the maxillary sinus with neck lymph node
involvement, and another had a stage I paravertebral
lesion. The QA committee investigated the sources of the
deviations in delineation of the PTV and identified that
there were ambiguities in the definition of the PTV in the
protocol guidelines for cases demonstrating contiguous
stage II disease or involvement in an unusual primary site.
The QA committee concluded that these ambiguities of
PTV definition in the protocol guideline might have led
to these deviations. The study office proposed a
memorandum regarding the definition of PTV to reduce
the deviations. This memorandum demonstrated the
definition of the PTV using graphic schemes. After the
distribution of the memorandum, deviation of delineation
of the PTV was identified in one case of the latter 11
cases. This case demonstrated stage Il disease that
included a primary lesion in Waldeyer’s ring and neck .
lymph node involvement. The protocol guideline
recommended that the PTV should include the whole
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pharyngeal space, but the upper border of the PTV
extension in this case was smaller by approximately 5 mm
than the protocol guideline.

Discussion

Clinical trials that include large inter-institutional
variations in treatment technique might not correctly
demonstrate the true clinical outcome. A QA committee
should adopt a policy to reduce variation between
participating institutions, as there will inevitably be a
certain degree of difference arising in a multi-institutional
setting. Central individual case review is an essential
procedure for detecting deviations from the protocol
guidelines. A QA program in multi-institutional trials must
not only evaluate the individual quality of treatment
delivered, but must also reduce inter-institutional variation
by supplying immediate feedback to the participating
institutions. The German Hodgkin Study Group conducted
a prospective randomized trial to evaluate whether a total
dose of 30 Gy was sufficient for treatment of Hodgkin’s
disease compared to a 40 Gy total dose (11). The S-year
failure-free survival was significantly influenced by the
quality of the radiotherapeutic procedures and resulted in
70% with protocol violations vs. 82% without violations.
The QA program should guarantee the quality of
radiotherapy to avoid compromising the clinical outcome
by poor radiotherapy technique.

The Trans-Tasman Radiation
conducted a praspective randomized control trial comparing
a single 8 Gy dose with 20 Gy in five fractions as
radiotherapy to treat neuropathic pain due to bone
metastases, and the QA committee conducted independent
audits to assess compliance with the eligibility criteria and
the appropriateness of treatment of the index site for the
first 234 cases (12). This study group concluded that QA
auditing was an essential but time-consuming process in
radiotherapy trials, and that the QA program using central
individual case reviews should commence soon after study
initiation. The present JAROG study conducted the first
QA review after half of the planned enrollment was
completed. In the future, quick identification of deviations
and immediate feedback to the participating institutions
should be realized.

In this study, a deviation from the definition of PTV was
identified in three cases and two of these involved head and
neck lesions. The head and neck region is the most
irregularly shaped anatomical site in the human body. The
presence of a highly sensitive structure such as the eye ball,
optic nerve or spinal cord adjacent to the primary tumor
and/or involved nodes, necessitates a high degree of
irradiation conformity. Our study did not require high-dose
radiotherapy or complex techniques and simple radiation
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techniques using two-opposed lateral fields or the three-
field technique (two-opposed lateral fields plus an antero-
posterior field) and moderate-dose radiotherapy were
applied in most cases. There was no deviation or violation in
the homogeneity of dose distribution and no violation of
doses to organs at risk. However, clinical trials that include
radiotherapy,  chemoradiotherapy = and
postoperative radiotherapy for locally advanced head and
neck cancers require high-dose radiotherapy and complex
techniques (13). Therefore, in clinical trials involving head
and neck lesions, inter-institutional variations cannot be
ignored and careful monitoring is required to ensure the
quality of radiotherapy.

Ideally, a dummy run should be organized to test the
compliance of participating institutions with the QA
program’s protocol guidelines. A dummy run could highlight
possible weaknesses in the study protocol guidelines (14).
The EORTC QA team performed a dummy run before the
commencement of a clinical trial that evaluated
postoperative chemoradiotherapy for cases of locally
advanced head and neck cancers and demonstrated a large
inter-institutional variation in PTV extension and field
arrangements (13). The importance of the QA program
including the dummy run procedure to reduce inter-
institutional variations was emphasized. The new radiation
treatment techniques, which included three-dimensional
radiotherapy, intensity-modulated radiotherapy and image-
guided radiotherapy, have been established and new clinical
trials might apply these new techniques. The complexity of
the problem of defining an optimal plan indicates the need
for a ‘second opinion’ from experts in the specific field using
a tele-consultation system (14).

The JAROG QA program identified the deviations in
PTV definition as resulting from ambiguities in the
protocol guideline and enabled adaptation of the policy to
reduce deviations among the participating institutions.
However, variations among the participating institutions
could not be completely eliminated. The monitoring
system using the QA program should be continued to
reduce variations in on-going trials. Especially for head
and neck lesions, a dummy run before commencement of
the study should be considered to improve the consistency
of radiotherapy.

Acknowledgements

A part of this study was presented at the 47th Annual Meeting of
the American Society for Therapeutic Radiology and Oncology,
Denver, CO, in October 2005.

This study was supported by Grants-in-Aid for Cancer Research
(16-12, 17-18) from the Ministry of Health, Labor, and Welfare of
Japan.

" The authors appreciate the technical assistance provided by Mrs.
Y. Asazawa, Mrs. L. Koiwai and Mrs. Y. Ogawa.



