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Summary

In Kyoto University Hospital, stereotactic radiosurgery (SRS) has been performed for its rapid palliative effect
in patients with recurrent primary central nervous system lymphoma (PCNSL), often in combination with
salvage chemotherapy. In the present study, the treatment outcome and toxicity of SRS for recurrent PCNSL
was retrospectively evaluated. Between March 1998 and June 2004, 17 histologically proven recurrent PCNSLs in
nine patients were treated with linac-based stereotactic radiosurgery. All patients had developed intracranial
recurrences after initial treatment including external beam radiation therapy (EBRT). The prescribed dose was
10.0-16.0 (median 12.0) Gy. Seven of nine patients received systemic chemotherapy around the time of SRS. The
target volume was 0.4-24.5 ml (median 3.5 ml). Initial tumor response could be evaluated in 15 of 17 lesions.
Among them, radiological complete response (CR), partial response (PR), stable disease (SD) and progressive
disease (PD) was observed in 3, 10, 2, and 0 lesions, respectively. One-year overall survival rate and relapse-free
survival rate after first SRS was 58% and 22%, respectively. Improvement of symptoms was observed in six
patients. The time from SRS to symptomatic relief was 1-57 days (median 3 days). No 2 grade 2 acute toxicities
related to SRS were observed. In conclusion, linac-based SRS with a prescription dose of 10-12 Gy for recurrent
PCNSL is useful for palliation, especially considering the short time, rapid tumor response, and low treatment

toxicity.

Introduction

Primary central nervous system lymphoma (PCNSL) is
a rare brain tumor entity, which accounts for 0.5-1.5%
of primary intracranial neoplasms in immunocompetent
individuals [1]. The natural course of untreated PCNSL
is highly aggressive and fatal, with a median survival
time of approximately 1.5-4 months from the time of
diagnosis [2-4].

Usually, PCNSL is treated with external beam
radiotherapy (EBRT) and/or chemotherapy as an initial
treatment, since the radio- and chemosensitivity of
PCNSL seems to be as high as that of nodal or ex-
tranodal malignant lymphomas that occur in the body.
Various combined regimens such as EBRT alone [5,6],
EBRT followed by CHOP-like chemotherapy {7,8], high
dose intravenous methotrexate alone [9], and high dose
methotrexate followed by EBRT [10-12] have been
employed, showing a median survival time of 12—
30 months [4-12].

Although rapid and complete tumor regression is
commonly seen in most cases of PCNSL, intracranial
recurrence is often observed even within the previous
radiation field. Failure after initial treatment was re-
ported in 35-60% of adequately treated patients with
PCNSL [6,13-15].

The prognosis of intracranial recurrent PCNSL seems
to be dismal. The median survival time has been reported

to be only 2-4 months from the time of recurrence
without any treatment. Patients with intracranial recur-
rent PCNSL may be able to be salvaged with systemic
chemotherapy, and possibly with radiotherapy. Several
previous reports have shown the effect of these salvage
therapies on patient prognosis. Median survival time was
reported to be 10-16.5 months [14-16].

The use of conventional EBRT for recurrent PCNSL
is often limited in consideration of the tolerance dose of
brain parenchyma. In most cases, a large volume
of brain parenchyma has been irradiated as a major
part of the standard initial therapy. On the other hand,
stereotactic radiosurgery (SRS), which has been widely
used in the treatment of various brain tumors, may be a
treatment option for recurrent PCNSL. Stereotactic
irradiation minimizes the irradiated volume of sur-
rounding normal brain parenchyma. This technique
delivers an effective radiation dose to the recurrent tu-
mor without severe neurological toxicity, even when the
recurrent tumor is located within the field of previous
EBRT. However, the microscopic tumor infiltration is
not covered by SRS alone.

In our institute, SRS has been performed for its
rapid palliative effect in patients with recurrent PCNSL,
often in combination with salvage chemotherapy. In
the present study, the treatment outcome and toxicity
of SRS for recurrent PCNSL was retrospectively
evaluated.
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Methods and Materials
Patient Background

Between March 1998 and June 2004, 17 histologically
proven recurrent PCNSLs in nine patients were treated
with linac-based stereotactic radiosurgery at Kyoto
University Hospital. There were five male and four fe-
male patients and their age was 51-79 (median 66) years
old at the time of the first SRS.

All patients had developed intracranial recurrences
after initial treatment, including EBRT. The primary
tumor lesions had received 37.8-56.0 (median 54.0) Gy
using a daily dose of 1.5-2.0 Gy, in which a whole brain
irradiation dose of 33.0-48.6 (median 41.4) Gy had been
followed by local boost irradiation. The interval be-
tween previous EBRT and the first SRS was 6.6-50.4
(median 16.6) months.

Treatment

Corticosteroids were administered to all patients before
SRS. Seven of the nine patients received systemic che-
motherapy around SRS, including VEPA (vincristin,
cyclophosphamide, prednisolone, adriamycin) and De-
VIC (dexamethasone, etoposide, ifosfamide, carbopla-
tin) regimens.

All patients underwent SRS using 6 MV X-ray beams
generated by Clinac-2300c linear accelerator (Varian
Inc., Palo Alto, CA). Treatment planning was carried
out using the X-Knife system (Radionics Inc., Burling-
ton, MA), following a 3 mme-slice contrast-enhanced CT
scan and MR-CT fusion if necessary. The contrast-en-
hanced tumor lesions and critical structures, such as
eyes, brain stem and optic nerves, were delineated.
Planned target volume (PTV) was determined as the
contrast-enhanced tumor with a 2-3 mm margin. Four
to six beam arcs were arranged first automatically and
then manually, so that the optimal dose distribution
could be achieved, considering both the doses of PTV
and critical structures. Irradiation was carried out in a
single fraction. The prescription dose varied according
to the tumor size and location. The mean prescribed
dose (80% isodose) to PTV was 10.0-16.0 (median
12.0) Gy. One lesion was treated by the combination of
two isocenters.

At the time of the first SRS, the number of treated
tumors was one for seven patients and two for two pa-
tients. Two of the nine patients received multiple SRS
sessions at the diagnosis of intracranial distant recur-
rences following preceding SRS; one patient received the
second SRS 27 months after the first SRS, and the other
received four sessions of SRS to six tumors during seven
months for repeated intracranial distant recurrences.

Outcome evaluation

The patients were followed up with MRI/CT studies.
Initial tumor response was evaluated within two months
after SRS. In the assessment of the initial tumor re-
sponse, complete response (CR), partial response (PR),
progressive disease (PD), and stable discase (SD) was

defined as complete disappearance of the tumor,
a 2 50% reduction in the tumor volume, a > 25% in-
crease in the tumor volume, and non-CR/PR and non-
PD, respectively.

Intracranial relapse-free survival and overall survival
times were calculated from the day of the first SRS using
the Kaplan-Meier method. Toxicity was judged by
NCI-CTC version 2 criteria.

Neurological status of the patients was evaluated by
regular interviews and physical examinations, and
scored according to the RTOG functional neurological
scale [17].

Results
Treatment parameters

The target volume was 0.4-24.5 (median 3.5) ml. The
collimator size used was 12.5-40 (median 30) mm in
diameter, and the total beam arc was 160-410 (median
395) in degree. The coverage rate of the prescription
dose to PTV was 92-100 (median 99)%. The minimal
and maximal tumor dose was 5.5-17.7 (median 9.1) Gy
and 12.5-20.3 (median 15.2) Gy, respectively. Major
treatment parameters for the 17 tumors are summarized
in Table 1. In all cases, the doses to eyes, optic nerves
and brain stem did not exceed 12 Gy.

Initial tumor response and local regrowth after SRS

Initial tumor response could be evaluated in 15 of 17
lesions. Among them, radiological CR, PR, SD and PD
were observed in 3, 10, 2 and O lesions, respectively, as
listed in Table 2. The overall response rate (CR plus PR)
was 87%. There was no relationship between the initial
tumor response and the SRS parameters, including
prescription dose, minimal dose, target volume, and the
coverage rate. In Figure 1, an example of CR is shown.

Local tumor regrowth was seen in one lesion, which
had received a prescription dose of 12.0 Gy and a
minimal dose of 6.4 Gy. It was initially judged PR, but
increased in size 2.4 months after SRS.

Pattern of recurrence after SRS and survival

One patient remained disease-free for 20.3 months, one
patient developed local regrowth 2.4 months after SRS,
and seven patients developed intracranial distant
recurrences 0.7-27.2 (median 3.1) months after the first
SRS. Recurrences after the first SRS were salvaged by
further SRS in two patients, and by systemic chemo-
therapy in three patients.

One-year overall survival rate and one-year intracra-
nial relapse-free survival rate was 58% and 22%,
respectively, as shown in Figure 2. Median overall sur-
vival time and median intracranial relapse-free survival
time was 7.7 months and 3.7 months, respectively. No
relationship between the SRS parameters and survival
was observed in the present study. However, the median
overall survival time in patients with peri-SRS chemo-
therapy was significantly longer than that in patients
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Table 1. Patient characteristic and treatment parameter of SRS

Patients Sex  Lesion Location Age at Time between  Lesion Isocenter/Prescription ~ Max [ Min
number SRS (y.0.) EBRT and volume (ml)  dose (Gy) dose (Gy)
SRS (month)
1 F 1 1t. Frontal lobe 57 16.6 9.4 20.0/16.0 20.3/17.7
2 M 1 rt. Thalamus 62 29.1 5.3 15.0 / 12.0 15.8 / 12.7
2 1t. Internal capsule 62 29.1 1.0 15.0/12.0 17.4 ] 11.6
3. M 1 1t. Temporo-occipital lobe 66 50.4 7.8 15.0/ 12.0 153 /135
4 F 1 rt. Parietal lobe 64 33.8 18.5 15.0 / 12.0 152/6.4
5 M 1 rt. Frontal lobe 79 10.2 1.8 15.0 / 12.0 15.0 /129
6 F 1 Cerebellum 67 6.6 14.6 15.0/12.0 17.5/7.8
7 F 1 rt. Lateral ventricle 71 16.6 1.1 150/ 12.0 15.0/13.6
2 It. Occipital lobe 73 43.9 4.9 15.0/ 12.0 15.3/13.8
8 M 1 rt. Frontal lobe 51 12.8 14.9 12.5/10.0 13.0/55
2 Brain stem 51 12.8 24.5 12.5/10.0 15.6 /6.4
9 M { rt. Insula 69 37.1 2.7 15.0/12.0 15.0/7.1
2 rt. Temporal lobe 69 38.4 1.8 15.0/12.0 15.0 /123
3 1t. Occipital lobe 69 38.4 0.4 15.0 / 12.0 152/9.0
4 It. Lateral ventricle 69 394 2.3 12.5/10.0 12.5/9.1
5 rt. Basal ganglia 69 41.6 3.5 12.5/10.0 129779
6 Fourth ventricle 69 41.6 0.4 12.5/ 10.0 129/74

without peri-SRS chemotherapy (5.9 vs. 13.0 months,
P = 0.046), as shown in Figure 3.

Palliative effects

Eight of the nine patients had symptoms possibly
resulting from recurrent tumors before the first SRS.
For six of these patients, symptomatic relief was
achieved; in five patients the motor function was im-
proved, and in the other patient the frequency of
convulsion was remarkably decreased.

Comparing the scores in the RTOG functional neu-
rological scale before and after the first SRS, improve-
ment in the neurological status was observed in five of
the nine patients, as shown in Table 2.

The time from SRS to symptomatic relief was 1-57
{median 3) days.

Toxicity
No > grade 2 acute toxicities related to SRS were ob-
served, although three of the nine patients developed

grade 3 bone marrow toxicity due to peri-SRS systemic
chemotherapy.

Discussion

The role of SRS in the treatment of PCNSL has not
been established. In several institutions, SRS is often

Table 2. Treatment results of SRS (Initial tumor response and symptomatic improvement)

Patients  Sex  Lesion Location Initial tumor  Symptomatic improvement Functional Survival time
number response after first SRS neurological  after first
level change SRS (month)
1 F 1 It. Frontal lobe PR (+) decreasing frequency of 4 - 4 6.6
convulsions
2 M 1 rt. Thalamus SD =) 4 - 4 14.9
2 1t. Internal capsule SD
3 M 1 It. Temporo-occipital lobe PR (+) improving gait disturbance 1 — 0 20.3
and disorientation
4 F 1 rt. Parietal lobe PR (+) improving gait disturbance - 3 5.5
5 M 1 rt. Frontal lobe CR (+) improving gait disturbance 3 - 2 6.3
and eye movement
6 F 1 Cerebellum CR =) 4 - 4 2.1
7 F 1 rt. Lateral ventricle CR (+) improving results of MMT 2 — 1 47.8
2 1t. Occipital lobe PR
8 M 1 rt. Frontal lobe PR (+) improving eye movement, 2 -1 13.0
diplopia and gait disturbance
2 Brain stem PR
9 M 1 rt. Insula PR =) 00— 0 7.7
2 rt. Temporal lobe PR
3 it. Occipital lobe PR
4 1t. Lateral ventricle PR
5 rt. Basal ganglia ?
6 Fourth ventricle ?
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Figure 1. A case with recurrent PCNSL treated with SRS. A 51-year-old man with multiple intracranial recurrent tumors approximately one year
after initial treatment. At first, several courses of salvage chemotherapy were attempted, but two of the tumors were resistant to chemotherapy (rt.
frontal lobe and brain stem). Cranial nerve palsy and gait disturbance were progressive. Palliative SRS was performed at a prescription dose of 10
Gy. (a) MR image at the time of SRS, (b) treatment planning, (c) MR image three months after SRS.

performed in the initial treatment of newly diagnosed
PCNSL, when strong and rapid localized effects are
expected. For elderly patients with PCNSL, for whom
EBRT or chemotherapy cannot be safely performed,
SRS alone may be indicated as a treatment option
[11,18]). However, considering the dose distribution
character of SRS and the infiltrative and intracranial
migration-prone nature of PCNSL, SRS has been gen-
erally used as part of the initial treatment combined with
EBRT and/or chemotherapy, if treated with curative
intent [15,16,19].

In other institutions, SRS for PCNSL has been
mainly performed for palliation. In our institution,
newly diagnosed PCNSL is usually treated with che-
motherapy followed by EBRT, and recurrent PCNSL is
treated with SRS with or without chemotherapy, in
patients with symptomatic intracranial recurrence,
whose neurological symptoms may be improved by tu-
mor volume reduction. So far, however, only a few
previous papers have shown the outcome of SRS in this
use. Therefore, we evaluated the treatment effects and
toxicity of SRS for recurrent PCNSL and reported our
initial experiences.

Recurrent brain tumors, including gliomas, menin-
giomas, and metastatic brain tumors, are also treated
with SRS, when they recurred after full dose EBRT.
However, in most cases, a relatively high SRS dose is
required to achieve tumor regression and/or symptom-
atic improvement [20-23]. On the other hand, it is
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Figure 2. Graph showing Kaplan-Meier estimate of overall survival
rate (—-) and relapse-free survival rate (- - - - - ) in all patients after the
first SRS for recurrent PCNSL (median survival, 7.7 and 3.3 months,
respectively).

expected that recurrent PCNSL remains radiosensitive,
compared with the other recurrent brain tumor entities.
In the present study, a prompt and drastic response even
to a lower SRS dose was demonstrated.

With respect to the SRS dose, 18-24 Gy (as the iso-
center dose of stereotactic radiotherapy) [11] and 12.5-
23 Gy (as the marginal dose of gamma-knife) [18] were
used in the previous reports. The prescription dose of
10-12 Gy used in the present series seems to be adequate
for recurrent PCNSL, considering that all of the 17 le-
sions, except two lesions in patient 2, showed tumor
regression. In addition, no SRS-related toxicity was
observed, suggesting that an SRS dose of 10-12 Gy
could be safely given after a full dose of EBRT, even for
patients with recurrent PCNSL adjacent to the brain
stem or optic nerves.

In the present series, only one large tumor lesion in
patient 4 developed local regrowth. The tumor volume
of this lesion was 18.5 ml at the time of SRS, and the
minimum dose was as low as 6.4 Gy, while the pre-
scription dose (12 Gy) coverage was 97%. This lesion
once showed tumor regression associated with good
palliative effects, but developed local regrowth
2.4 months after SRS. Although the focus of tumor re-
growth could not be identified, it was probable that the
existence of a small part of the tumor irradiated with an
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Figure 3. Graph showing Kaplan-Meier estimate of survival rate
comparison after the first SRS for recurrent PCNSL between the pa-
tients treated SRS with chemotherapy (——, n = 7) versus the patients
treated SRS without chemotherapy (- - - - - i = 2). Median overall
survival was longer in the SRS with chemotherapy cohort (13.0
months) than the SRS without chemotherapy cohort (5.9 months)
(P = 0.046).
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insufficient dose might have resulted in the local re-
growth.

Symptomatic relief was achieved in six of eight cases,
as expected, which demonstrated the excellent usefulness
of SRS as a palliative indication. In addition, a con-
siderably prompt response (median 3 days) should be
noted as an advantage of SRS.

With respect to the survival time, one-year- and two-
year-survival after the first SRS, were 58% and 22%,
respectively, and the median survival time after the first
SRS was 7.7 months in all patients and 13.6 months in
the patients treated with chemotherapy in the present
series. These results were slighily inferior to those of the
salvage treatments using systemic chemotherapy and/or
radiation therapy for recurrent PCNSL in a previous
report, in which the median survival time was reported

to be 14 months [14,15]. Considering the expected life-.

time of only 2—4 months for patients with non-treated
recurrent PCNSL [14,15], the results in the present series
also demonstrated the survival benefit of SRS in patients
with recurrent PCNSL.

Various regimens of systemic chemotherapy are often
chosen for patients with recurrent PCNSL. Several
previous reports have shown promising treatment re-
sponse [16,24-26].

Arellano-Rodrigo et al. [16] reported that CR was
obtained in six of sixteen cases (37%) and one-year
survival was 41% with etoposide, ifosfamide, and cyt-
arabine treatment. However, toxicity consisted of neu-
tropenic fever in 50% of cases, including three cases of
sepsis and two cases of pneumonia. In addition, severe
encephalopathy was observed in one case. Soussain
et al. [24] reported the results of a phase II study of 22
patients treated with intensive chemotherapy with
hematopoietic stem-cell rescue. In that study, an objec-
tive response was seen in 82%, and the overall three year
survival was 64%. On the other hand, after intensive
chemotherapy with hematopoietic stem-cell rescue, all
patients had grade 4 neutropenia and grade 4 throm-
bocytopenia. In addition, there was possibility that five
of seven patients > 60 years of age died from treatment
complications. Reni et al. [25] reported the results that
median survival for all patients was 3.5 months (range
0.4-43 months). One year overall survival was 38%.
There were five CR in 23 evaluable patients. But CR
occurred after two cycles of temozolomide in four
patients and after ten cycles in one patient. Three CR
patients received four cycles of temozolomide, one pa-
tient eight cycles and one patient twelve cycles. Enting
et al. [26] reported the treatment outcome with ritux-
imab and temozolomide as a 53% response rate, median
overall survival of 14 months, and median progression
free survival of 7.7 months, while there was a 20-30%
grade 3 hematologic toxicity (in 15 patients, grade 3
thrombocytopenia was seen in four patients, grade 3
anemia in one and grade 3 leukopenia in one).

It is difficult to compare simply the treatment out-
come of chemotherapy and that of SRS, because the
treatment modality is usually selected according to the
tumor size, location and distribution in individual
patients. However, particularly for palliative indication,
SRS seems to have several advantages over systemic

chemotherapy, even though the contribution of SRS to
the survival benefit was not revealed clearly in the
present study. First, the treatment time of SRS, usually
a couple of days, is much shorter than that of effective
chemotherapy, which requires several days or weeks.
Second, more prompt symptomatic relief may be ex-
pected by SRS compared with chemotherapy. Third,
SRS is usually performed without systemic toxicity,
including hematological toxicity, which may potentially
prolong the time of hospitalization. Therefore, SRS is
suited for the palliative intent, if it is expected that
volume reduction of recurrent PCNSL may provide
symptomatic relief.

In patients with a good prognosis, combination of
SRS and systemic chemotherapy seems to be indicated.
In the present study, six out of nine patients received
chemotherapy. The median survival time of the six pa-
tients was longer than that of the three patients treated
with SRS alone, although there was treatment selection
bias.

In conclusion, /inac-based SRS with a prescription
dose of 10-12 Gy for recurrent PCNSL is useful for
palliation, especially considering the short treatment
time, rapid tumor response, and low treatment-related
toxicity. Although the survival benefit of SRS for
recurrent PCNSL was unclear, the combination of SRS
and chemotherapy may be an effective strategy for bet-
ter clinical outcome. This optimal treatment regimen of
combined therapy for recurrent PCNSL should be
established.
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Abstract

In the relation between the pixel values of the electronic portal imaging device (EPID) and
dose rate, pixel values have been reported to be proportional to the square roots of the dose
rates although some researchers have reported that each EPID pixel value was almost
proportional to the dose rates when they were more than 1 Gy/min. To resolve this
contradiction, in this study we have investigated the dosimetric properties of the liquid
ionization chamber EPID based on a two-dimensional matiix of liquid-filled ionization
chambers. Our results show that the pixel values of this EPID were proportional to the square
roots of the dose rates when they were less than 0.5 Gy/min, and the values were proportional
to the dose rates when they were more than that. In addition, ‘the survival time of electrons in
the liquid of the EPID is reportedly dependent on the amount of impurities in the liquid
ionizing chamber of EPID. The pixel values of the EPID acquired in rapid succession,
increased. In the results, the pixel values were constantly increased to approximately 0.2% of
pre-images for less than 15 s of the rest interval. When changes in the sensitivity of each pixel
value were approximately 1%, approximately 5% changes were observed against the
transformed dose rate. To avoid this difference, we developed the following formula relating

the pixel value, P, and dose rate, D.
P=a-D+b-~D —Fk-h
(a. b, h: constants, k: variable)

Received Dec.21, 2005, revision accepted Feb. 10, 2006

- 307 -



I. INTRODUCTION

Radiotherapy has been verified by image verification, in which portal images are compared visually
with simulation images or digitally reconstructed radiographs (DRRs). Image verification has been
developed which uses electronic portal imaging devices (EPIDs) that are computer-controlled through
an on-line connection with an actuator. Generally, there are three types of EPIDs: a mirror-based video
system, a fiber-optic video system, and a liquid ionization chamber system V. Although the image
collecting methods are different, image verification can be conducted in a short time without
interrupting the process of film development to obtain an EPID image on-line?. Moreover, dose
verification is an essential process in radiotherapy.

Thus far, dose verification has been performed using a thermoluminescent dosimeter (TLD) placed
in an anthropomorphic phantom and by measuring the dose that penetrates into the body, by film.
However, measurements using TLDs and semiconductor detectors can be done at only a few points
simultaneously, and the film method is not satisfactory with respect to clinical applications because of
the film development time 3.

Recently, studies have been conducted to verify the possibility of using EPID images as a dosimeter
to verify the penetrated dose®'®). Van Herk'® indicated that using the liquid ionization chamber EPID,
the square roots of dose rates and the EPID signal pixel values were proportional. On the basis of his
study, many researchers obtained corrected dose rates from the measured EPID pixel values. However,
Esserset al.®) reported that in the measurement system for an aerial dose rate using a small phantom,
dose rates and EPID signals were proportional when dose rates were more than 1 Gy/min.
Curtin-Savard and Podgorsak ' attributed the observation of Essers et al. to the amount of electric
charge being constantly increased by contaminants in the isooctane used as an ionization layer of the
EPID in the sequential image collection over a short time.” Zhuet al.'” reported that the EPID showed
a maximum change of 3% in the sensitivity during 90-day period, and showed a standard deviation
within 1.2% as daily changes. Essers et al.®) suggested that the influence of scattered material
included within the EPID could not be ignored. On the other hand, Zhu et al.'" considered that there is
no major effect from scattered material based on the fact that EPID signals were obtained on
irradiation fields of various sizes.

However, the relative differences in the amounts of electric charges between EPID dosimetry and
conventional dosimetry with a farmer type cylindrical ionization chamber and a solid phantom have
not been distinguished.

The purpose of this paper is to elucidate dosimetric properties of the ionization chamber EPID

system. We have quantified the fluctuation of the pixel values depending on the image collection
conditions and the change in the amount of electric charges due to impurity in the liquid ionization

chamber.
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II. MATERIALS and METHODS

A. Equipment

The liquid ionization chamber EPID (Portal Vision System, Varian Medical System, Palo Alto, CA)
used in this study was installed with the linear accelerator (CLINAC2100C, Varian Medical System,
Palo Alto, CA) that generated 4 MV and 10 MV. The ionization chamber was sequenced in the matrix of
256 % 256 pixels (total 65536 pixels). The image collection area was 32.5 cm x 32.5 cm. There were
two pole boards (printed circuit boards, PCBs) on the upper and Jower sides of the ionization layer
which was a | mm thick isooctane phase. A 1 mm thick layer of barium and plastic material (density:
4.75 g/lem®) on the upper surface of the PCB functioned as the build-up material of the X-rays. Each
pixel was 1.27 mm x 1.27 mm x 1.0 mm. The front and back of the build-up region were approximately
10 mm and 5 mm of water equivalent material, respectivelys'm.

The dosimetric properties were evaluated from the dose determined by using EPID (L-EPID dose)
and the values from the farmer type cylindrical ionization chamber (NE2581, NE Technology Ltd.,
Berkshire, UK). The area of the irradiation field was decided as 10 cm x 10 cm, and source-to-surface
distance (SDD) was 100 cm. Tough Water (Kyoto Kagaku Co., Ltd., Kyoto, Japan) was used as a solid
phantom for the measurement. The depth for the measurement point at 4 MV and 10 MV was fixed at
the depth of dose maximum (dmax) (4 MV: 1.0 cm and 10 MV: 2.5 cm). For the measurement using
the farmer type cylindrical ionization chamber, the thickness of Tough Water below the measurement
point was prepared as 5 mm to replicate the geometrical arrangement of the image from the EPID.

To confirm build-up area in front of the EPID surface, tissue maximum ratio (TMR) was measured
at 4 MV and 10 MV. The EPID pixel valies were a maximum value at X-ray energies of 4 MV and 10

MYV when Tough Water thickness was

Table 1. EPID- conditions for 4 MV AX—rays with '250 adjusted to 3 mm and 18 mm,
MU/min and 16 MV X-rays with 240 MU/min .
respectively, and these Tough Water

Energy AMY 10MV thicknesses were used for the study. To
Dose rate 250 MU/min 240 MU/min ) o ) i

Sync Frequency 400Hz 180Hz avoid variations in the pixel values, the
Interpulse Distance 2.50ms 5.56ms mean value of 11 x 11 pixels was used
HV Row Cycle Time 12.50ms 11.11ms .

number of Pulses Used for on Sync Spulses 2pulses as the EPID pixel value on the central
nutnber of row per sync pulse lrow lrow axis of the X-ray beam. Variation in
number of Averages (Row Sweeps) 2scans 1scans

Total Acquision time 3.35sec 2.98sec the mean values was  within

approximately 0.5% of the standard
deviation. Moreover, to minimize the influence of the variation, we used the average of 10 images
which decreased the standard deviations of the changes to 0.2%. The settings of the EPID and the
accelerator are shown in Table I. Ionex Dose Masterv2590B (NE Technology Ltd., Berkshire, UK) was

used as the electrometer.
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B. Measurement of dosimetric properties

1. Effect of contaminants on the liguid ionization chamber EPID

Isooctane in the ionization layer of the liquid ionization chamber is known to confain some
contaminants. These contaminants may affect the survival time of the electric charge because they
delay movement of the electric charge in isooctane®. On observing the phenomena, we concluded
that the pixel values increase with continued collection during the survival time of the electric charge.
To examine the effects of contaminants in isooctane on the pixel values, we measured four series of ten
EPID images (groups A, B, C, and D). Each measurement group was comprised of 10 images and their
image acquisition interval (rest interval) was 5, 15, 30, and 60 s, respectively. The collection interval
between each measured group was 120 s.

2. The dosimetric properties of EPID as reported by Van Herk

As the voltage is supplied to the ionization chamber in L-EPID with the ray pulse of the accelerator,
the voltage supply time is shorter than the movement time to the pole of an ion pair generated by the
X-ray beam and its survival time. On the other hand, in the measurement used for a conventional
ionization chamber, the voltage supply time is longer than the movement time to the pole of an ion and
its survival time, because voltage is continuously supplied during the period in which a ray is irradiated
as a pulse. It is considered, on the basis of these facts, that the collecting method of ions using EPID is
different from that using the conventional ionization chamber.

Van Herk'” proposed a new theory concerning the collecting method of ions using L-EPID.
According to this theory, in each ionization chamber, ion pairs, n(#) are generated by an X-ray beam,
and the changing rate, dn(r )/df, against the time n(?) contains two changing rates of positive and
negative ions. The total numbers of ion pairs, N,(f) is proportional to the dose rate, D, and to the
number of positive ions, n(#). and negative ions, n(f),because in this case, negative ions imply ion
recombination.

On the basis of the consideration mentioned above, the number of ion pairs, dn(t)/ dt is given by the
following formula,

an(t)

dr

where o is a constant.

= N, (1)~ an(?)’ O

However, as with long time irradiation, the generation of new ion pairs balances the loss of ion

pairs caused by the ion recombination, the left side of formula (1) becomes zero ( gy (¢)/dt =0)

and  n(f) isexpectedtobe n(f) = N, - Therefore, n, is expressed by formula (2).
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= E.D (2)
o

Moy

Here, N;,= B x D and B is a constant. According to this formula, the EPID pixel values are proportional
to the square root of dose rate.

To confirm the above formula and to examine the relationship between the actual dose and the
EPID pixel value, we collected EPID images using 4 MV and 10 MV X-rays while changing the dose
rate and while changing the thickness of the lead board on the tray of the accelerator from 0 mm to 80
mm. In addition, under the same conditions, the dose rate was measured with a farmer type cylindrical
ionization chamber. On the basis of these results, a characteristic curve for the EPID was obtained.

3. Effect of scattered radiation

An arbitrary ionizing chamber is affected by scatter radiation generated from surrounding EPID
ionizing chambers. To evaluate the effect, L-EPID images were collected while changing radiation
field sizes from 4 cm x 4 cm to 20 cm x 20 cm. Each image was convetted to a dose rate using the
characteristic curve and then the dose rates were compared with those measured under identical
conditions by the farmer type cylindrical ionization chamber.

II. RESULTS

A. Effects of contaminants in the liquid ionization chamber

In the case where image-collecting intervals were below 15 s (measurement Groups A and B), the

pixel ~ values  increased

10150 slightly (approximately
Lo12s 0.06%) in each EPID image.
L, M As compared with the initial
é 10073 image, the pixel value of the
§ 10050 10th image increased from
3 10028 - approximately 1.0% to 1.3%.
I : . .
0000 : When the image-collecting
0.9975 X .
: intervals were set at more
0.9950 ‘ ’ :
) ) N 4 5 P . s 9 10 than 30 s (Groups C and D),
image index number . .
Fig. | Reproducibility of mean pixel value for four series of ten EPID images obtained the change in the pixel value

under the same conditions at a 250 MU/min, 100 cm SOD, and 10 cm X 10 cm L .
field size on the central axis at the maximum depth with 4 MV X-rays. The rest was within approximately
intervals between image acquisitions were 5, 15, 30, and 60 s. The region of interest

for calculating the mean consisted of 11X 11 pixels centered on the central field. +0.25% and was stable.

The mean pixel values were normalized to 1.0 for the first image of each series. .
These results agreed with
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those described by Curtin-Savard and Podgorsak').

Moreover, the difference in pixel values between the first image of Group B and that of Group D

was approximately 1.6%. On the basis of these results, we decided
collection (Group C) using the EPID (Fig.1).
B. The dosimetric properties of the EPID

to use a 30 s interval of image

In Fig. 2, pixel value is plotted against the dose rate for each thickness value of the lead board

measured with the farmer type cylindrical ionization chamber. The pixel values increased rapidly at a

low dose rate, at 4 MV or 10 MV. When the dose rate exceeded 0.5 Gy/min, the pixel values showed a

gradual increase.

The pixel values shown in Fig. 2 were calculated on the basis of Van Herk’s theory'® and these

calculated values are shown in Fig. 3. The relationship between the pixel values and the square roots of the

dose rates was linear, but not a strict one. To elaborate, in the range in which the pixel values increased

rapidly against the dose rates, the pixel values showed an approximately proportional increase with the
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Fig.2 Plot of the relation between the pixel value and the dose rate. Dose rate was
determined with the farmer type cylindrical ionization chamber on the central
axis at the maximum depth for a 10 cm X 10 cm field size and 100 cm
SOD with 4 MV (circle) and 10 MV X-rays (square). Pixel values
were averaged over 11 X 11 pixels around the center of the field.

regressed as the secondary formula to the square root of the dose rates.
and 10 MV are shown in Eqs. (3) and (4), respectively.
P =3.2381D +569.08+/D —5.5168
P =22.085D +260.32+/D +0.1266

R? =1.0000
R* =1.0000

square roots of the dose
rates. In the range in
which the pixel wvalues
showed a gradual increase,
the pixel values showed an
approximate proportional
increase to the dose rates
themselves.

The results presented in
this study were in good
agreement  with  those
reported by Essers et al.?).
The relationship between
pixel values and dose rates

Approximate formulas at 4 MV

3)
4)

P: pixel value, D: dose rate (cGy/min), R’: coefficient of determination.

From these results, the abovementioned formulas were considered to be a good tool for calculation of

EPID doses from the measured pixel values.
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C. Effects of scattered radiation

Fig. 4 shows the EPID doses with respect to the changes in the size of the irradiation field. EPID

doses showed a marked increase till the area of the irradiation field was increased to 12 cm % 12 cm,

while the increase was gradual when the area of the irradiation field was increased above that. Fig. 5

indicates the total scatter correction factor (Sc,p) obtained from data of the EPID and the farmer type

cylindrical ionization chamber at 4 MV. There was a tendency for the Sc,p value of EPID dose to

increase with field size in comparison with that from the farmer type cylindrical ionization chamber.

800.0
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Pixel valve
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5000 -~~~

4000 T[T T T T oot T

t
)

UV R Hﬁﬁ,az,_a_/‘?f i
H 1

o _4MV X-ay

-+ 10MV K-ray

0.0

0.00

0.80 1.20 .40 1.60

Square root of dose rate

Fig.3 Plot of the relation between pixel values and the square root of the dose rate.
Dosec rate was determined with the farmer type cylindrical ionization chamber on
the central axis at the maximum depth for a 10 cm X 10 cm field size and 100
ecm SOD with 4 MV (circle) and 10 MV X-rays (square). The solid line
represents an approximate value according to Van Herk’s theory 10). Pixel
values were averaged over 11 X 11 pixels around the center of the field.
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| B~ 10MV X-ray

0 5

10 15 20 25
Side of square fiekl size (cm)

Fig.4 EPID dose rates obtained from pixel values of the field sizes from 4 cm % 4
cm to 20 cm X 20 cm. The measurements were done at the maxinum depth
on the central axis for 2 100 cm SOD with 4 MV and 10 MV X-rays. Pixel
values were averaged over 11 X 11 pixels around the center of the field.

Sc,p values from the EPID
were higher by 1.2% than
those from the farmer type
cylindrical ionization
chamber for a 20 cm x 20
cm area irradiation field
and were higher by less
than 1% for a 15 cm x 15
cm area irradiation field.
On the other hand, for the
irradiation of 10 MV, the
opposite phenomena was
observed, i.e., Sc,p values
from the EPID decreased.
The values from the EPID
were 0.8% lower and less
than 0.2% of those from the
farmer-type cylindrical
jonization chamber for a 4
cm * 4 cm area irradiation
field and other field sizes,
respectively.

IV. DISCUSSION

It was considered,

based on the results, that

when the collection interval

was short, the pixel values increased, and when it was long, few increments in pixel value occurred.

Therefore, an interval of over 30 s was considered to be a good condition for image collection. With
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respect to the ionizing phenomenon, it was suggested that eleciric charges in the liquid ionizing
chamber of L-EPID were almost saturated at a collection interval of more than 30 s, but some electric
charges remained when the collection interval was shorter.

It was speculated that the causes of pixel value deviations between the first image and other images
included in each collection Group are the changes in temperature within ionizing chambers according
to the voltage supply to the L-EPID.

Stable pixel values independent of the cumulative irradiation dose are required for precise
dosimetric verification, since small differences of pixel value as mentioned above lead to large ones in
the converted EPID dose. L—EPID images should be collected under a suitable condition wherein few
pixel values are affected by residual electric charge.

As described by Van Herk'?, the relationship between pixel values and dose rates indicated that the
pixel values were approximately proportional to the square root of the dose rates. However, we
observed that pixel values increased gradually, when X-ray dose exceeded 0.5 Gy/min (Fig. 2). In the
case of irradiation less than 0.5 Gy/min using 4 MV or 10 MV X-rays, the pixel values had an
approximately proportional increase to the square root of the dose rates. For an irradiation of more than
0.5 Gy/min, pixel values showed an approximate proportional increase with the dose rates. This result
led us to consider that the theory described by Van Herk'® required modification. We propose a new
improved formula for Eq. (1) in our hypothesis, as follows.

In sequential acquisition

1.060 T T T . . .
: of L-EPID images, it
1040 === -~-~ s o — - -
\ was assumed that there
_ L0200 fmmeomeoo B ST
g 000 b R were three phenomena:
5 .
ﬁé 0.980 g T (1) the generation of
g 0.960 Ut E new ion pairs balances
k] - v -~ 4MV (Farmar) . -
0.940 - s - "6 4MV (EPID) the loss of ion pairs
1 i .
0.920 |-~ - Tt - “B10MV (Farmar) caused by the ion
o ! ! ~EHOMV (EPID)
0.900 ' ' : recombination; (2) the
2 7 12 17 22 )
Side of square field size (cm) generation of new ion
Fig.5 The total scatter factor (Sc,p) of the dose rates obtained from pixel values - ds 1 £i
of the EPID and the farmer type cylindrical ionization chamber. The palrs exceeds loss of 10n
measurements were done at the maximum depth on the central axis for a ;L d by the i
100 em SOD with 4 MV and 10 MV X-rays. The dosc rates were pairs cauised by ae 10n

normalized to 1.0 for 10 cm X 10 cm field sizes. Pixe! values were

averaged over 11 X 11 pixels around the center of the field. recombination; and (3)

fluctuation of sensitivity
of the liquid ionizing chamber occurs with setup conditions for image collection.
In an irradiation process over a substantial length of time, the added concentration of ion pairs by

generation and recombination should be considered. Moreover, a correction term for sensitivity, C, is
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required. Therefore, the measured final concentration of ion pairs, Np, is expressed as follows.

N +M+c

Jinal

Il

(]

& dt

N, 2
/a_mju{Nm(t)——an(t) +C} (5)

where C is constant. For N,, to be equal to B+ D, Eq. (5) can be converted to the following secondary

formula with respect to the square root of the dose rates.

N

Sinal

=fB-D+ —é—-D—an(t)2+C
o

(6)

Then, as the relation between pixel value, (P) and concentration of ion pairs is P = y* N Eq. (6)

can be changed to Eq. (7).

P =a-D 4+ b -~D - h

(7)

Here, a and b are constants, / is the constant for loss of ion pairs caused by ion recombination and for

the sensitivity correction factor of ionizing chambers. Hence, h=py(& n(f +C) . The

relationship between the pixel values and the dose rates in Eq. (7) can be given as a secondary
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Fig.6 Plot of the relation between the pixel values and the square roots of
the dose rates determined using the farmer type cylindrical ionization
chamber on the central axis at maximum depth for field size (10 cm X 10
cm) and SOD (100 cm) with 4 MV X-rays. The second curve
was determined 14 days after the first curve. Pixel values were
averaged over 11 % 11 pixels around the center of the ficld.

dimension quantic formula
the same as the approximate
Eq. (3), (4) as above
mentioned.

The characteristic curve
of the pixel values from the
EPID at 4 MV were
rearranged (Fig. 6) for
assessment of the sensitivity
correction factor (h). The
obtained curve indicated that
sensitivities of the pixels
decreased. The pixel values

decreased 1.1% similar to the

daily changes mentioned above. However, EPID doses showed 5.5% and 3.8% decreases in high dose

and low dose regions, respectively. The values in this study were in good agreement with those

reported by Zhu et al'®.

When we multiplied h by 2.47, the difference in the EPID dose rate was within +0.1%. We, now,
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introduce a constant (k) as a correction factor for the daily deviation of the sensitivity of the ionizing
chamber.

According to the consideration, formula (7) was changed as follows.

P=a D +b-~/D -k h | (8)
Eq. (8) implies that the characteristic curve of the pixel values does not need to be constructed, we
have to acquire k as a factor for the daily deviation from measurements in the standard irradiation field.

The effect of the scattered rays on sensitivity in the EPID was speculated to depend on the effects of
the water equivalent materials and PCB in the front, back, and supports of the EPID structure. For 4
MV, the effects of the scattering body in the back were stronger than those for 10 MV, and the
difference of Sc,p values between the L-EPID and farmer type cylindrical ionization chamber was
considered to be high.

V. CONCLUSIONS

We quantified effects from contaminants and the sensitivity variation in the electric charge layer
with the liquid ionization chamber EPID from the viewpoint of image collection setting. Further, we
revised the theory presented by Van Herk'® for the dose rate of L-EPID, which led to the following
equation.

P=ua-D+b -~/D -k -h

h: changes in effect from the contaminant concentration in electric charge layer, k: sensitivity
correction factor of daily deviation.

By using this formula, the obtained pixel values were converted into the dose rates within +0.1%
errors.
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Analysis of Local Control in Patients with Non-Hodgkin’s
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Purpose: To analyze the influence of radiotherapy doses, chemotherapy doses, and clinical parameters on in-field disease control
to assess the optimal radiation doses for treatment of non-Hodgkin’s lymphoma according to the newly proposed WHO classifica-
tion.

Patients and Methods: Subjects consisted of 35 extranodal marginal-zone B-cell lymphomas of mucosa-associated lymphoid
tissue (MALT) type, 75 diffuse large B-cell lymphomas (DLBCL), 14 follicular lymphomas, 17 extranodal natural kitler (NK)/T-cell
tymphomas, nasal type, eight unclassified peripheral T-cell lymphomas, four anaplastic targe-cell lymphomas, T/null cell type, and
five others. 59 patients received radiotherapy alone. 98 patients received CHOP, modified CHOP, or more intensive chemotherapy,
and six patients were treated with other combination.

Results: No patients with MALT lymphoma had in-field local recurrence. There were no recurrences in DLBCL patients who received
chemotherapy in which the doses of adriamycin were > 200 mg/m?, nor in DLBCL patients who were treated with > 45 Gy. Only
nine of 15 patients with T-cell lymphoma treated with < 50 Gy and three of five patients treated with > 50 Gy had local control.
The dose of adriamycin had no influence on local control of T-cell lymphoma.

Conclusion: T/NK-cell lymphomas were more radioresistant than B-cell lymphomas. The prognosis for peripheral T/NK-cell lym-
phomas is poor even when treated by irradiation combined with chemotherapy.

Key Words: Non-Hodgkin’s lymphoma - WHO classification - T-cell ymphoma - Dose-response analysis
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Analyse der lokalen Kontrolle beim Non-Hodgkin-Lymphom gemaB WHO-Klassifikation

Ziel: Untersuchung des Einflusses der Strahlungsdosis, Chemotherapie-Intensitdt und klinischer Parameter auf die Kontrolle loka-
lisierter Herde, um optimale Parameter fiir die Behandlung des Non-Hodgkin-Lymphoms gem&R der vor kurzem vorgeschlagenen
WHO-Klassifikation zu ermitteln.

Patienten und Methodik: In die Untersuchung einbezogen wurden 35 extranodale (,marginal-zone”) B-Zell-Lymphome des
Mukosa-assoziierten-Lymphom-(MALT-)Typs, 75 diffuse groRzellige B-Zell-Lymphome (DLBCL), 14 follikulire Lymphome, 17
extranodale Natiirliche-Killer-(NK-)/T-Zeli-Lymphome (Nasaltyp), 8 unklassifizierte periphere T-Zell-Lymphome, 4 anaplastische
(groBzellige) Lymphome (T/null-Zell-Typ) and 5 andere. 59 Patienten erhielten ausschlieBlich Strahlentherapie. 98 Patienten
erhietten CHOP, CHOP modifiziert oder eine intensivierte Chemotherapie, und 6 Patienten wurden mit einer anderen Kombination
behandelt.

Ergebnisse: Bei keinem der MALT-Lymphom-Patienten kam es zu einem Lokalrezidiv. Rezidive traten weder bei DLBCL-Patienten
auf, die Chemotherapie mit Adriamycin in Dosierungen > 200 mg/m? erhalten hatten, noch bei DLBCL-Patienten, die mit > 45 Gy
behandelt worden waren. Nur bei 9 von 15 T-Zell-Lymphom-Patienten, die mit < 50 Gy, und bei 3 von 5 Patienten die mit > 50 Gy
behandelt worden waren, wurde eine lokale Kontrolle erreicht. Die Adriamycin-Dosis beeinflusste die lokale Kontrolle von T-Zell-
Lymphomen nicht.

Schlussfolgerungen: T/NK-Zell-Lymphome zeigten sich strahlungsresistenter als B-Zell-Lymphome. Die Prognose peripherer
T/NK-Zell-Lymphome ist selbst bei Kombination von Strahlen- und Chemotherapie schlecht,

Schliisselwérter: Non-Hodgkin-Lymphom - WHO-Klassifikation - T-Zell-Lymphom - Dosis-Wirkungs-Analyse
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Introduction
The clinical course of non-Hodgkin’s lymphoma (NHL) is
highly variable, depending on the histological subtype and pri-
mary site of organ involvement [20]. Therefore, therapy should
be tailored to the individual patient, taking these patient-to-
patient differences into account.

With advances in combination chemotherapy regimens,
patients with intermediate or more aggressive NHL are usu-
ally treated with combined chemotherapy and irradiation {3,
13,19].

However, little information is available on the optimal
radiotherapy dose necessary to achieve in-field disease con-
trol and prolonged relapse-free survival in patients with NHL
who receive chemotherapy. Although no prospective random-
ized studies have been performed to evaluate the optimal ra-
diotherapy dose for NHL, some retrospective data support
the use of lower radiotherapy doses for low-grade lymphoma
[17]. For intermediate/high-grade lymphoma, the radiation
dose issue is less clear, but higher doses may be needed [17,
29]. Besides, most of the dose-response analyses of lymphoma
in the literature were performed in the era when patients re-
ceived radiotherapy alone [4, 12, 28].

The Revised European and American Lymphoma
(REAL) classification and the WHO classification were pro-
posed and have been rapidly accepted [10, 11, 22, 25]. These
classifications were proposed based on the cell of origin and
delineate individual disease entities from the perspective of
morphological features, immunophenotype and/or stage of
differentiation, genotype, etiology, epidemiology, and clinical
behavior. Therefore, it is expected that radiation doses and
fields suitable for avoidance of unnecessary irradiation of crit-
ical organs can be selected by adhering to the WHO classifica-
tion. However, many studies, including our previous one [26]

Table 1. Patient characteristics. ADM: adriamycin; DLBCL: diffuse large B-cell lymphoma; NK-

cell: natural killer cell.

Tabelle 1. Patientencharakteristika. ADM: Adriamycin; DLBCL: diffuses groRzelliges B-Zell-Lym-

phom; NK-cell: Nattirliche Killer-Zelle.

employed the Working Formulation. Thus, there is only lim-
ited information on the clinical characteristics of NHL from
the perspective of the WHO classification.

We reevaluated histopathologic specimens of NHL, using
the WHO classification, and investigated the relationship be-
tween the clinical characteristics and histopathologic classifi-
cation of these specimens, in order to assess the usefulness of
this new classification system in selecting treatment modalities.
We also analyzed the influence of radiotherapy doses as well
as other treatment-related and clinical parameters on in-field
disease control in order to assess the optimal radiation doses
for treatment of NHL according to the WHO classification.

Patients and Methods

Patient Characteristics
Between 1983 and 2001, 158 patients with histologically con-
firmed NHL were treated at the Department of Radiology,
Sapporo Medical University Hospital, Japan. Their character-
istics are summarized in Table 1.

There were 35 extranodal marginal-zone B-cell lympho-
mas of mucosa-associated lymphoid tissue (MALT) type
(MALT lymphoma), 75 diffuse large B-cell lymphomas
(DLBCL), 14 follicular lymphomas (five for grade 1, six for
grade 2, and three for grade 3), 17 extranodal natural killer
(NK)/T-cell lymphomas, nasal type (nasal NK/T-cell lympho-
ma), eight unclassified peripheral T-cell lymphomas, four ana-
plastic large-cell tymphomas, T/null cell type, and five others.
Nasal NK/T-cell lymphoma is more prevalent in the younger
generation, compared with the other lymphomas. These pa-
tients included 94 with stage I, 45 with stage II, ten with stage
111, and nine with stage I'V disease.

Table 2 shows the histopathologic distribution according
to primary sites. Most MALT lymphomas originated from the
orbit (29 patients) or thyroid gland
(three patients). Of the eight peripheral
T-cell lymphomas, four originated in the
nasal cavity, and two in the lymph nodes.
Nasal NK/T-cell lymphomas were only

MALT DLBCL Follicular Peripheral Anaplastic Nasal NK/ seen in the nasal sinus. DLBCLs were all
lymphoma lymphoma T/NK-cell large-cell T-cell from primary sites.
lymphoma lymphoma lymphoma
Male : female ratio 16 : 19 41:34 7:7 5:3 0:4 10:7 Histology and T/B-Phenotype .
Average age (years) 61.9 60.8  57.0 51.1 56.0 53.5 One of the authors (M.Sa.), without
Radiation dose (Gy) kpc?wledge O,f clinical information on mn-
e Median 44 44 44 46 45 50 dividual patients, reassessed specimens
° Range 30-50 30-60 40-50 40-58 40-50 30-74 using the morphological and immuno-
Chemotherapy (n) logic techniques described below. Histo-
e No 23 22 10 1 1 2 logical classification was performed ac-
* Not including ADM 0 2 0 2 0 2 cording to the WHO classification [10].
* CHOP, modified CHOP - 22 o1 4 > 3 13 Immunohistochemical studies were per-
or more intensive : ) . .

Stage I (n) 30 35 8 6 1 11 fc?rmffd }151ng p?:traffm sections, the. avi-
Stage 1T (n) 3 29 4 3 din-biotin peroxidase complex teCl:lanl.le,
Stage IT or IV (n) ) 1 2 ’ and a panel of monoclonal antibodies

(L2 CD3,MT1, UCHL1, and CD56).
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Treatment (Table 1)
59 patients received radiotherapy alone. Radiation therapy was
usually delivered to the involved field. In patients receiving che-
motherapy and subsequent irradiation, the radiation field was
set for primary sizes of lesions. The dose per fraction ranged
from 1.8 to 2.0 Gy. All treatment regimens included five daily
fractions per week.

98 patients received CHOP (cyclophosphamide: 750 mg/
m? or 600 mg/m? in the elderly; adriamycin: 50 mg/m? or
40 mg/m? in the elderly; vincristine: 1.4 mg/m?; and predniso-
lone: 60 mg for 5 days), modified CHOP, or more intensive che-
motherapy, and six patients were treated with other combina-
tion- or single-agent chemotherapy, mostly before irradiation.

Statistical Analysis
In-field failure was defined as any failure
with an in-field component, i.e., any recur-
rence in the irradiated volume. The living
patients whose follow-up periods were <24
months were excluded from this analysis.
The overall and failure-free survival

Results
In our study, the overall and relapse-free survival rate for
DLBCL patients with brain as the primary site was poor.
DLBCL patients with brain primary also demonstrated lower
relapse-free survival rates than patients with Waldeyer’s ring
primary (data not shown). According to these results and oth-
ers [21], primary brain lymphomas were excluded from the
following analysis, because their natural history and prognosis
are very different from the other lymphomas [6].

Figure 1a shows overall survival rates of stage I and stage
II patients according to histological classification. The overall
5-year survival rate for patients with MALT lymphoma was
100%. Patients with MALT lymphoma demonstrated higher

Table 2. Primary sites and pathologic classification. DLBCL: diffuse large B-cell lymphoma; L/N:
lymph nodes; MALT: mucosa-associated lymphoid tissue; NC: nasal cavity; NK-cell: natural killer
cell; NP: nasopharynx; PS: paranasal sinus; SG: salivary glands; WR: Waldeyer’s ring.

Tabelle 2. Primdrmanifestation und histopathologische Klassifizierung. DLBCL: diffuses groR-
zelliges B-Zell-Lymphom; L/N: Lymphknoten; MALT: Mukosa-assoziiertes lymphoides Gewebe;
NC: Nasenhohle; NK-cell: Natirliche Killer-Zelle. NP: Nasopharynx; PS: Paranasalsinus; SG: Spei-
cheldriisen; WR: Waldeyer-Ring.

rates were calculated from the start of Pathology

Brain Orbit NC PS NP WR Thyroid SG L/N Others

treatment by the Kaplan-Meier method,

ddi — wval MALT lymphoma 29 3 2 1
an }ffeéegces in the survival rates were DLBCL 7 3 4 4 6 31 1 1 15 3
ffaxamme y the log(-lrankhtest‘. Faﬂllllre— Follicular lymphoma 3 ) 3 5 1
ree status Wa§ score flt the time W en Peripheral T/NK-cell lymphoma 4 1 2 1
the last systemic evaluation of the patients .
. Anaplastic large-cell lymphoma 1 1 1 1
was performed. The median follow-up for
e . Nasal NK/T-cell lymphoma 17
the living patients was 60 months.
MALT L
100 I?_ Iz 221135 8 Y 3 AR A AN 8BS 1] i1 %] ,]OO E - MALTL
o l“—‘-”-—'-uii,z : (- (LTI TN R TI R K W DLBCL %M‘ i [T W 1 3 L §]
5 1 [I ] 111 § ‘s i
80 Follicular L i St 80 =L Follicular L
= - _ ollicular
3 P Peripheral TL 3 . LLL'I_LI_L e
z 60 Z 60 ] ~ DLBCL
= O eeeteeeee s senendd 5 b ) Peripheral TL
O a E Sraneues LN D, o
E 40 Nasal NK/TL 09_ 20 Nasal NK/T
20 20
0 0
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Years Years

Figure 1a - Abbildung 1a

Figure 1b - Abbildung 1b

Figures1a and 1b. Overall survival curves (a) and retapse-free survival curves (b) for patients with stage | and Il non-Hodgkin’s lymphoma according
to histological examinations. DLBCL: diffuse large B-cell lymphoma; L: lymphoma; MALT: mucosa-associated lymphoid tissue; Nasal NK/TL: nasal
natural killer/T-cell ymphoma; Peripheral TL: unclassified peripheral T-cell lymphomas.

Abbildungen 1a und 1b. Gesamtiiberleben (a) und rezidivfreies Uberleben (b) bei Patienten mit histologisch gesichertem Non-Hodgkin-Lymphom
Stadium |l und 11. DLBCL: diffuses groRzelliges B-Zell-Lymphom; L: Lymphom; MALT: Mukosa-assoziiertes lymphoides Gewebe; Nasal NK/TL: nasales
Natirliche-Killer/T-Zellen-lLymphom; Peripheral TL: nicht klassifizierte periphere T-Zell-Lymphome.
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