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Diagnostic Value of Elastographic Criteria for Metastatic Lymph Nodes-

Positive Negative QOverall
Sensitivity Specificity Predictive Value Predictive Value Accuracy
Imaging Examination and Criterion (%) (%) (%) (%) . (%)
B-Mode US : :
Short axis diameter > 8 mm 47 (34, 59) 9 (70, 88) 62 (48, 76) 7 (57, 76) 65 (57, 73)
Short-to-long-axis diameter ratio > 0.5 75 (64, 86) 81 (73, 90) 75 (64, 86) 1 (73, 90) 9 (72, 85)
Absent hilum 72 {60, 83) 54 (44, 85) 54 (43, 65) 72 (61, 83) 2 (54, 70)
Abnormal echogenicity 58 (46, 71) 91 (85,97) 83 (72, 95) 5 (66, 83) 77 (70, 84)
Calcifications ) 3(~1 ) 100 (100, 100) 100 (100, 100) 8 (50, 66) 9 (51, 67)
Peripheral vascularity at power Doppler US 47 (34 99 (96, 101) 97 (90, 103) ~ 71(63, 80) 7 (70, 84)
Sonoelastography
Lymph node partially or very visible 67 (55, 79) 93 (87, 98) 87 (77, 97) 79(71, 87) 82 (75, 88)
Lymph node darker than surrounding muscles 63 (51, 76) 5 (90, 99) 1(82, 99) 78 (70, 86) 82 (75, 88)
Regular or moderately irregular margin 35 (23, 47) 95 (90, 100) 4 (70, 98) 66 (58, 75) 70 (82, 77)
>50% of Margin border distinct 48 (36, 61) 3(63, 83) 57 (43, 70) 66 (56, 75) 62 (54, 70)
Strain index >1.5 85 (76, 94) 8 (94, 101) 6 (91, 101) 90 (83, 96) 92 (88, 97)
Note.—Numbers in parentheses are 95% confidence intervals (Cls).
lymph nodes. A multivariate analysis the outcome results (19). The statisti- six women) had metastatic lymph

was performed by using the generalized
estimating equation method to select
the variables (ie, examined US and
elastographic criteria) that were inde-
pendently associated with lymph node
metastasis (17,18). This is a repeated-
measures analysis for correlated di-
chotomous outcomes (metastatic lymph
nodes) and a set of covariates (exam-
ined US and elastographic criteria). The
generalized estimating equation method
was used to adjust the intracorrelation
effect for patients who had multiple
measurements. Each variable had a bi-
nary value (greater than and less than
the selected cutoff value).

The model used was selected on the
basis of the Akaike information crite-
rion and the Schwarz Bayesian crite-
rion. For each criterion examined, the
sensitivity, specificity, positive and neg-
ative predictive values, and overall ac-
curacy in the differentiation between
benign and metastatic lymph nodes
were calculated. Quantitative data are
presented as means * 1 standard de-
viation. P < .03 indicated statistical
significance. Post hoc power analysis
involving the use of the two-sided Fisher
exact test for binomial distribution was
performed to determine whether the
resultant sample size was of sufficient
magnitude to support confidence in

cal analyses were performed by using
a statistical software package (Stat-
View, version 5.0; SAS Institute, Cary,
NC).

Patients

At histologic analysis, 32 (74%) patients
(14 men, 18 women; mean age, 59
years * 11) were found to have papil-
lary thyroid cancer, six (14%) (three
men, three women; mean age, 30
years * 12) were found to have follicu-
lar thyroid adenoma, and five (7%) (all
men; mean age, 75 years = 4) were
found to have squamous cell cancer of
the hypopharynx. The patients with hy-
popharyngeal cancer were significantly
older than those with thyroid cancer

(P < .01).

Lymph Nodes

A total of 141 peripheral neck lymph
nodes (60 [43%)] metastatic, 81 [57%]
metastasis free) were examined. Metas-
tasis from papillary thyroid cancer was
histologically diagnosed in 39 nodes
(28%), and metastasis from hypopha-
ryngeal squamous cell cancer was histo-
logically diagnosed in 21 (15%) nodes.
Seventeen of the 43 patients (11 men,

nodes: Five patients had one metastatic
lymph node each; four patients, two
each; three patients, three each; two
patients, four each; two patients, five
each; and one patient, six each.

Nineteen patients (seven men, 12
women) had benign lymph nodes. Of
these 19 patients, three had one benign
lymph node each; five, two benign
nodes each; three benign nodes
each; three, five benign nodes each;
three, six benign nodes each; and one,
eight benign nodes each.

Seven patients (four men, three
women) had both metastatic and metas-
tasis-free (benign) lymph nodes. Of
these seven patients, three had one
metastatic and one benign lymph node;
one patient, one metastatic and two be-
nign nodes; one patient, one metastatic
and five benign nodes; one patient,
three metastatic and two benign nodes;
and one patient, six metastatic and
three benign nodes.

four,

B-Mode US

There was no significant difference in
the gray-scale US or elastographic lymph
node characteristics between the pa-
tients with thyroid abnormalities and
those with hypopharyngeal abnormali-
ties. The characteristics of the exam-
ined lymph nodes are listed in Table 1,
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and the diagnostic accuracy of each of the
features tested is detailed in Table 2.
There was a significant difference in
short-axis diameter between the meta-
static (9.1 mm = 5.8; 95% CI: 7.6 mm,
10.6 mm) and benign (6.6 mm = 3.4;
95% CI: 5.8 mm, 7.4 mm) lymph nodes
(P < .01). Twenty-one percent of the

a.

Figure 2: Metastatic lymph nodes. (a) Gray-scale sonogram obtained in 64-year-old man with papillary
thyroid cancer shows two hypoechoic metastatic lymph nodes (arrows) with a short-axis diameter of 6 mm, a
short-to-long-axis diameter ratio greater than 0.5, and an absent hyperechoic hifum. (b) On corresponding US

glastogram, lymph nodes (arrows) are very visible, are substantially darker than surrounding muscle, and
have irreqular and moderately distinct borders. Strain indexes are 2.5 and 7.8 for the right and left nodes,
respectively.

benign lymph nodes were larger than 8
mm, whereas 47% of the metastatic
nodes were larger than 8 mm (P < .01).
Other tested cutoff values of lymph
node short-axis diameter (ie, 5 and 10
mm) enabled less accurate distinction
between the benign and metastatic
nodes. Marked improvement in diag-

a.

Figure 3:  Benign lymph nodes. (a) Gray-scale sonogram obtained in 48-year-old woman with follicular
adenoma of thyroid gland shows a chain of benign lymph nodes (arrows) with a short-axis diameter of 5 mm
and a short-to-long-axis diameter ratio smaller than 0.5. (b) On corresponding US elastogram, the lymph
nodes (arrows) are partially visible and brighter than surrounding muscle and have irregular and somewnhat
distinct borders. Strain indexes are 0.3and 0.7 for the right and left nodes, respectively.

nostic accuracy was achieved with use
of the short-to-long-axis diameter ratio
criteria: 75% of the metastatic lymph
nodes versus 18% of the benign nodes
showed a diameter ratio greater than
0.5 (P < .01). No further improvement
in overall diagnostic accuracy was
achieved with the other tested short-to-
long-axis diameter ratio cutoff values
(ie, 0.4 or 0.6). A hyperechoic hilum
was absent in 72% of the metastatic and
46% of the benign lymph nodes (P <
.01). With respect to echogenicity, 58%
of the metastatic lymph nodes (nine
[15%] hyperechoic, 26 [43%] hypo-
echoic) versus 9% of the benign nodes
(two [2%] hyperechoic, five [6%] hypo-
echoic) (P < .01) showed abnormal
echogenicity. Microcalcifications were
rare findings in our study: They were
observed exclusively in patients with
metastatic lymph nodes but were diag-
nosed in only two (3%) of the exam-
ined nodes.

Power Doppler US

Performing power Doppler US did not
substantially improve the diagnostic ac-
curacy of the US criteria for metastatic
lymph nodes. Although only one (1%)
benign lymph node had peripheral vas-
cularity, this feature was observed in
less that half (47%) of the metastatic
lymph nodes (P < .01).

Sonoelastography

The majority (93%) of the metastatic
lymph nodes (Fig 2) were very or par-
tially visible on US elastograms and had
a visualization score greater than 2.
This finding was observed in 33% (P <
.01) of the benign lymph nodes (Fig 3).
Although the majority of the meta-
static lymph nodes were visible on US
elastograms, only 63% of them were
substantially darker (ie, stiffer) than
the surrounding tissues and had a rel-
ative brightness index lower than or
equal to 2. Thirty-seven percent of the
metastatic lymph nodes, as well as
95% of the benign nodes, were slightly
darker, brighter, or the same in bright-
ness compared with the surrounding
muscles.

The diagnostic accuracy of lymph
node margin evaluation was low in
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terms of both regularity and definition.
Although 95% of the benign nodes had
irregular margins (regularity index < 2)
and 73% of them had indistinct borders
(margin definition index < 2), these
same findings were observed in 65%
and 52% of the metastatic lymph nodes,
respectively.

In contrast, the diagnostic accuracy
of the muscle-to-lymph node strain in-
dex was high. There was a significant
difference in mean strain index between
the benign and metastatic lymph nodes:
0.8 £ 0.5 (95% CIL: 0.7, 0.9) versus
4.4 = 3.6 (95% CI: 3.5, 5.3), respec-
tively (P < .01). Among the numerous
cutoff values tested, the strain index
cutoff value of 1.5 enabled the best dis-
tinction between metastatic and benign
lymph nodes. The majority (98%) of the
benign lymph nodes were less than 1.5
times stiffer than the surrounding mus-
cles; however, 85% of the metastatic
lymph nodes were more than 1.5 times
stiffer than the surrounding muscles
(P < .01). When the diagnostic accu-
racy of a strain index greater than 1.5
was calculated, results showed that this
criterion had 83% sensitivity, 98%
specificity, a 96% positive predictive
value, a 90% negative predictive value,
and the highest overall accuracy (92%)
of all the diagnostic criteria examined.
The false-negative results obtained with
this criterion included metastatic lymph
nodes that were less than 1.5 times
stiffer than the surrounding muscles
owing to incomplete replacement of
normal lymphoid tissues by malignant
cells in six lymph nodes (Fig 4) and to
central necrosis in three lymph nodes
(Fig 5).

We confirmed our findings by us-
ing multivariate generalized estimat-
ing equation analysis. This analysis re-
vealed that of all the examined crite-
ria, only a short-to-long-axis diameter
ratio greater than 0.5 (95% CI: 1.7,
16.3; P < .01), the absence of a hy-
perechoic hilum (95% CI: 2.0, 9.0;
P < .01), peripheral vascularization
(95% CI: 1.4, 24.5; P < .05), and a
strain index greater than 1.5 (95% CI:
1.7, 18.6; P < .01) were significantly
and independently associated with met-
astatic disease.

cation, x10.)

d.

Figure4: Metastatic lymph node with incomplete metastatic involvement. (a) Gray-scale sonogram ob-
tained in 53-year-old man with papillary thyroid cancer shows metastatic lymph node (arrows) with a short-
axis diameter of 7 mm, a short-to-long-axis diameter ratio smaller than 0.5, and a visible hyperechoic hilum.
(b) Oncorresponding US elastogram, the lymph node (arrows) is barely visible, has the same brightness as
the surrounding muscle, and has very irreqular and indistinct borders. The strain index for this lymph node is
0.7.(c) Power Doppler sonogram shows prominent hilar vascularization. Arrows point to the lymph node.
Areainside square outline is the region of interest for power Doppler US. (d) Histologic sample shows incom-
plete metastatic involvement of papillary thyroid cancer (arrows). (Hematoxylin-eosin stain; original magnifi-

Post Hoc Power Analysis

The estimated proportions for the
power analysis were hased on the over-
all accuracies of the best B-mode US
(short-to-long-axis diameter ratio >
0.5) and elastographic (strain index >
1.5) criteria for the diagnosis of meta-
static lymph nodes (79% and 92%, re-
spectively). According to the power
analysis results, our sample had a
power of 84% for detection of the differ-
ence between sonoelastography and
routine B-mode US in the diagnosis of
metastatic lymph nodes at a significance

level of 5%. This finding supports the
adequacy of the sample size used in our
study.

Diagnostic US is frequently used to as-
sess cervical lymph nodes in patients
with cancer. A variety of diagnostic cri-
teria have been reported to be useful for
the distinction between benign and met-
astatic lymph nodes. Lymph node size
has been previously described as a cri-
terion for malignancy detection, with
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reported cutoff nodal short-axis diame-
ters ranging from 5 to 30 mm (20,21).
However, some findings indicate that
the size criteria used for random patient
populations are not optimal for neck
lymph node assessment and that the
same cutoff points cannot be used for all
levels in the neck (22). In our study, a
cutoff short-axis diameter of 8 mm was
used, yet neither univariate nor multi-
variate analysis results support the diag-
nostic accuracy of this criterion for neck
lymph node classification—mainly be-
cause of its low sensitivity.

Lymph node shape also has been
used as a criterion for the detection of
metastatic lymph nodes. In some previ-
ous studies, as well as in our current
investigation, metastatic lymph nodes
often appeared as round lesions, whereas
benign nodes are usually flat or oval (23).
The presence of a hyperechoic hilum and
changes in the internal echogenicity of the
nodes are usually considered strong diag-
nostic criteria for benign lymph nodes
(24). It has been reported that 84%-92%
of henign nodes but less than 5% of meta-
static nodes have a hyperechoic hilum
(25). On the other hand, some authors
have reported that a hyperechoic hilum
can be visualized in up to 51.5% of met-
astatic nodes (26). An absent lymph
node hilum had high sensitivity but low

specificity and overall accuracy. In con-
trast to this finding, abnormal lymph
node echogenicity was a specific but not
sensitive criterion.

Calcification in metastatic lymph
nodes is generally rare (27,28). Some
authors, however, have reported that
about 68.7% of metastatic nodes from
papillary cancer of the thyroid had calci-
fication at US and histologic analysis
(29). These findings are in disagree-
ment with our results: Nodal calcifica-
tions were detected in only two of the
lymph nodes that we examined, and
they were specific but not sensitive.

Assessment of internal nodal vascu-
larity at color or power Doppler US
yielded additional criteria for the diag-
nosis of metastatic lymph nodes. It has
been noted that benign lymph nodes
tend to show hilar vascularity or appear
avascular (30,31). In contrast, meta-
static nodes tend to have peripheral or
mixed (both peripheral and hilar) vas-
cularity (32). In our study, power Dopp-
ler US vascularity had high specificity
but low sensitivity. These findings cor-
respond to previously published reports
that the value of power Doppler US can-
not compete with that of fine-needle as-
piration biopsy in the diagnosis of meta-
static adenopathy (33).

Our results in the differential diag-

Figure 5: Metastatic lymph node with central necrosis. (a) Gray-scale sonogram obtained in 57-year-old man with papillary thyroid cancer shows metastatic lymph
node (arrows) with a short-axis diameter of 9 mm, a short-to-long-axis diameter ratio smaller than 0.5, an absent hyperechoic hitum, and mixed echogenicity. (b) On
corresponding US elastogram, the lymph node (arrows) is barely visible, has the same brightness as the surrounding muscle, and has very irregular and indistinct bor-
ders. {c) Power Doppler sonogram shows prominent peripheral vascularization. Arrows point to the lymph node. Area inside square outline is the region of interest for
power Dappler US.

nosis of metastatic lymph nodes at sono-
elastography show that the majority of
the benign nodes had the same bright-
ness as the surrounding anatomic struc-
tures and therefore were not clearly vis-
ible on US elastograms. This is probably
because of the small difference in elastic
properties between benign lymph nodes
and surrounding neck muscles. In con-
trast, the majority of the metastatic
lymph nodes were partially or very visi-
ble and appeared substantially darker
on the US elastograms. Again, these
findings are probably related to the rel-
ative stiffness of metastatic lymph nodes
compared with the elasticity of the sur-
rounding muscles and other anatomic
structures. However, additional studies
of the real biomechanical properties of
benign and metastatic lymph nodes per-
formed by using previously elaborated
measurement techniques are needed to
elucidate these findings (34,35).

The margins of the metastatic lymph
nodes on US elastograms were more
regular and distinct than the margins of
the benign lymph nodes. This finding
might reflect the greater difference in
elastic properties between metastatic
lymph nodes and surrounding tissues or
a certain desmoplastic reaction that cre-
ates a stiff rim around metastatic lymph
nodes. All of the visual elastographic
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criteria examined in our study, although
promising, had low diagnostic accuracy
and were comparable in accuracy to the
routine US criteria.

On the other hand, quantitative
elastographic measurements of relative
lymph node elasticity, obtained by com-
paring the absolute values of lymph
node strain with the absolute values of
surrounding muscle strain, had the best
diagnostic accuracy of all the US and
elastographic criteria evaluated. Our re-
sults show that the majority of benign
lymph nodes were less than 1.5 times
stiffer than the surrounding muscles
and that the majority of the metastatic
lymph nodes were more than 1.5 times
stiffer. The high diagnostic accuracy of
this criterion was confirmed by the re-
sults of multivariate regression analysis.
This finding suggests that sonoelastog-
raphy can be helpful in the selection of
neck lymph nodes that
should be examined at percutaneous bi-
opsy and/or nodal dissection for accu-
rate preoperative staging and individual
therapy selection for patients with thy-
roid or hypopharyngeal cancer.

Some of the limitations of our study
should be addressed. During histologic
examination, only two or three tissue
slices per lymph node were examined;
therefore, we could not accurately as-
sess the extent of tumor involvement in
the nodes. This should be investigated
in detail in the future, because the se-
verity of metastatic involvement may af-
fect the strain characteristics of a lymph
node. In addition, the difference in elas-
tic properties between the benign and
metastatic lymph nodes measured at
sonoelastography was not confirmed by
direct measurements of the biome-
chanical properties of the examined tis-
sues removed at surgery. Thus, future
studies that yield the biomechanical
data needed to support correct inter-
pretations of abnormal US elastograms
are warranted. Because of the study
design, we were unable to assess the
observers’ ability to diagnose thyroid
cancer on the basis of the elastogram
findings. Therefore, future studies to
evaluate the inter- and intraobserver
variability and the reliability of sono-
elastography in the detection of meta-

suspicious

static lymph node involvement are
needed.

At present, the methods used to
perform sonoelastography are not ideal.
Real-time elastography, which is incor-
porated into some commercially avail-
able US scanners, involves the use of
fast strain image reconstruction algo-
rithms. However, this technique is not
as accurate as the off-line processing of
strain images. On the other hand, off-
line processing of US elastograms, as
performed in the present study, is too
time consuming and labor intensive to
be used in husy clinical settings. Thus,
future advances in image acquisition and
reconstruction algorithms are needed to
improve image quality and increase the
clinical utility of this method. In addition,
the image quality and diagnostic perfor-
mance of US elastograms acquired with
freehand compression depend substan-
tially on the quality of the compression
and the specifications of the elasticity
formation algorithms.

In the present study, the overall
quality of the strain images was substan-
tially affected by decorrelation noise,
which resulted from the nonaxial and
out-of-plane motion of the examined le-
sions and from the pulsation of the ca-
rotid artery. This problem may be par-
tially solved when the computational ca-
pability of US systems increases to the
extent that we can acquire higher qual-
ity primary images at high frame rates.
Another drawback is that the compres-
sion load applied with freehand elastog-
raphy is not standardized and thus may
result in some inter- and intraobserver
variability. All of these issues require
thoughtful elaboration in the future to
improve the diagnostic accuracy of
sonoelastography in patients with can-
cer.

In conclusion, sonoelastography is a
promising imaging technique that can
provide assistance in the differentiation
of benign and metastatic neck lymph
nodes. Our findings suggest that sono-
elastography can be helpful in the se-
lection of suspicious neck lymph nodes
that should be examined at cytologic
examination or open biopsy for accu-
rate preoperative staging and individ-
ual therapy selection for patients sus-

pected of having thyroid or hypopha-
ryngeal cancer.
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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 proper-
ties of the liquid ionization chamber EPID based on a two-dimensional matrix of li-
quid-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
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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-k-h

(@, b, h: constants, k: variable)
Received Dec.21, 2005; revision accepted Feb.10, 2006

I. Introduction

Radiotherapy has been verified by image verification, in which portal images are compared visual-
ly 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 b 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 2 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 ™",

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, Essers et 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 19 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. Zhu et 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 in-
fluence 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
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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.

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 X 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 lower sides of the
ionization layer which was a 1 mm thick isooctane phase. A 1 mm thick layer of barium and plastic
material (density: 4.75 g/cms) 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, respectivelysuls).

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 c¢m, 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
MYV 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 meas-
ured at 4 MV and 10 MV. The EPID pixel values were a maximum value at X-ray energies of 4 MV

and 10 MV when Tough Water thickness .\ "\ o . 4 MV X-rays with 250

was adjusted to 3 mm and 18 mm, respec- MU/min and 10 MV X-rays with 240 MU/min .
tively, and these Tough Water thickness- Fncrgy MY 10MV
es were used for the study. To avoid vari- MU/min 250 240
ations in the pixel values, the mean value Sync Frequency 400Hz 180Hz
of 11 X 11 pixels was used as the EPID Interpulse Di 2.50ms 3.56ms

] . HVY Row Cycle Time 12.50ms 11.11ms
pixel value on the central axis of the X- mmmiber of Pulses Used for on Sync Spulses 2pulses
ray beam. Variation in the mean values mmmber of row per sync pulse lrow Trow
was within approximately 0.5% of the mumber of Averages (Row Sweeps) 2scans Iscans

Total Acquision time 3.35sec 2.98sec

standard deviation. Moreover, to
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minimize the influence of the variation, we used the average of 10 images which decreased the stan-
dard deviations of the changes to 0.2%. The settings of the EPID and the accelerator are shown in
Table 1. Tonex Dose Master 2590B (NE Technology Ltd., Berkshire, UK) was used as the electrom-

eter.

B. Measurement of dosimetric properties
1. Effect of contaminants on the liquid ionization chamber EPID

Isooctane in the ionization layer of the liquid ionization chamber is known to contain some con-
taminants. 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 iohization chamber in L-EPID with the ray pulse of the accelera-
tor, 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 conven-
tional 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 jonization chamber.

Van Herk * proposed a new theory concerning the collecting method of ions using L-EPID. Ac-
cording to this theory, in each ionization chamber, ion pairs, #(¢) are generated by an X-ray beam,
and the changing rate, dn(¢)/dt, 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, #(¢)+ and negative ions, #(f)— because in this case, negative ions imply ion
recombination.

On the basis of the consideration mentioned above, the number of ion pairs, dn(¢)/df is given by

the following formula,

0. _ N (0)-an(s’ 1)

where «a is a constant.
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 (dn(t)/dt=0) and
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n(t) is expected to be #(f) = n,,. Therefore, n,, is expressed by formula (2).

Nin

neq =

a
neq=,/A-D

Here, Niz=f# 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 converted 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.

Il. Results 1oL
A. Effects of contaminants in the '™ P S v i
liquid ionization chamber 5 ::: /r»—j'ff“—“f( a

In the case where image-collecting in- %Lm /“"‘"""/1K L SR
tervals were below 15 s (measurement ¥, P e
Groups A and B), the pixel values in- il_m T o ssec
creased slightly (approximately 0.06%) in  asss .
each EPID image. As compared with the osso . . ; . ; . . ; egm "

Fmage index munber

initial image, the pixel value of the 10th
Fig. 1 Reproducibility of mean pixel value for four s-

eries of ten EPID images obtained under the
to 1.3%. When the image-collecting inter- same conditions at a 250 MU/min, 100 cm
SOD, and 10 cm X 10 cm field size on the cen-
. . tral axis at the maximum depth with 4 MV X-
and D), the change in the pixel value was rays. The rest intervals between image acquisi-
within approximately +0.25% and was tions were 5, 15, 30, and 60 s. The region of
interest for calculating the mean consisted of 11
X 11 pixels centered on the central field. The

image increased from approximately 1.0%

vals were set at more than 30 s (Groups C

stable. These results agreed with those

described by Curtin-Savard and Podgor- mean pixel values were normalized to 1.0 for
sakls). the first image of each series.
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Moreover, the difference in pixel values between the first image of Groﬁp B and that of Group D

was approximately 1.6%. On the basis of these results, we decided to use a 30 s interval of image
collection (Group C) using the EPID (Fig.1).

B. The dosimetric properties of the EPID
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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 ecm X 10 cm field size and 100 cm SOD with
4 MV (circle) and 10 MV X-rays (square). Pixel
values were averaged over 11X 11 pixels
around the center of the field.

8000

7000 2

6000 y/

5000 et

2 o
Emﬁ {./’/ o
x
K 2000 ﬁ}{eﬂ,e/ r/a/a/a"a"q/Q/
o .
::; /*ﬂ/n/“/ﬂraa - 4MV X-ray
el - 10MV X-ray
00 i
0.00 020 040 080 030 100 120 140 160
Symare roct of deerde
Fig. 3 Plot of the relation between pixel values and the

square root of the dose rate. Dose rate was de-
termined with the farmer type cylindrical ioniza-
tion chamber on the central axis at the maxi-
mum depth for a 10 cmX 10 cm field size and
100 cm SOD with 4 MV (circle) and 10 MV X-
rays (square). The solid line represents an ap-
proximate value according to Van Herk’s theory
10). Pixel values were averaged over 11X 11
pixels around the center of the field.
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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 the-

) and these calculated values are

ory 10
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 square roots of the dose rates. In the
range in which the pixel values 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 relation-
ship between pixel values and dose rates
regressed as the secondary formula to the
square root of the dose rates. Approxi-
mate formulas at 4 MV and 10 MV are

shown in Egs. (3) and (4), respectively.
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P=3.2381D+569.084/D~5.5168
P=22.085D+260.324/D+0.1266

R%=1.0000
R%=1.0000

3)
)

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 calcula-

tion of EPID doses from the measured pixel values.

C. Effects of scattered radiation
Fig. 4 shows the EPID doses with
respect to the changes in the size of the ir-
radiation field. EPID doses showed a
marked increase till the area of the irradi-
ation field was increased to 12 cm X 12
cm, while the increase was gradual when
the area of the irradiation field was in-
creased above that. Fig. 5 indicates the
to’tal scatter correction factor (Sc,p) ob-
tained 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 cham-
ber. Sc,p values from the EPID were
higher by 1.2% than those from the farm-
er 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., S¢,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 ionization
chamber for a 4 cm X 4 cm area irradia-

tion field and other field sizes, respective-

ly.
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Fig. 4 EPID dose rates obtained from pixel values of the

field sizes from 4 cm X 4 cm to 20 cm X 20 cm.
The measurements were done at the maximum
depth on the central axis for a 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.

1.060
1040 |rmemresmmem om0
_ 1020
3
< 1.000
iom
g 0.960
g ~©- 4MYV (Farmar)
040 -&~ 4MV (EPID)
0.920 .~EF-10MYV (Farmar)
-5-10MV (EPID)
0.900 !
2 7 12 17 22
Side of square field size (om)

Fig. 5 The total scatter factor (Sc,p) of the dose rates

obtained from pixel values of the EPID and the
farmer type cylindrical ionization chamber. The
measurements were done at the maximum
depth on the central axis for a 100 cm SOD
with 4 MV and 10 MV X-rays. The dose rates
were normalized to 1.0 for 10 cm X 10 cm field
sizes. Pixel values were averaged over 11X 11
pixels around the center of the field.
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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 inter-
val of over 30 s was considered to be a good condition for image collection. With respect to the
ionizing phenomenon, it was suggested that electric 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 im-
ages included in each collection Group are the changes in temperature within ionizing chambers ac-
cording to the voltage supply to the L-EPID.

Stable pixel values independent of the cumulative irradiation dose are required for precise dosi-
metric 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
obs_erved that pixel values increased gradually, when X-ray dose exceeded 0.5 Gy/min (Fig. 2). In
the case of irradiation less than >O.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 10 required modification. We
propose a new improved formula for Eq. (1) in our hypothesis, as follows.

In sequential acquisition of L-EPID images, it was assumed that there were three phenomena: (1)
the generation of new ion pairs balances the loss of ion pairs caused by the ion recombination; (2)
the generation of new ion pairs exceeds loss of ion pairs caused by the ion recombination; and (3)
fluctuation of sensitivity -of the liquid ionizing chamber occurs with setup conditions for image col-
lection.

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 required. Therefore, the measured final concentration of ion pairs, Nps is expressed as follows.

dn{t)
dt

= /N, (N =an®)?+C}
a

Where C is constant. For IV, to be equal to 8 - D, Eq. (5) can be converted to the following secon-

Nfingi=Meq+ +c

®)

dary formula with respect to the square root of the dose rates.
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Nf,~,,a,=,e’Dh/lg~ - D-an()®+C ®6)

800
Then, as the relation between pixel .4
value, (P) and concentration of ion pairs g i
is P =y Npna, Eq. (6) can be changed to i
Eq. (7). f o e
2 Prd
300
P=a-D+b-VD-h ) - ,«/
3 / — i First curve
. 1% ---- i Secondi curve
Here, a and b are constants, % is the ,
a0 820 a4 100 120 140

constant for loss of ion pairs caused by Sopare oot f das o (Gyhoin)

ion recombination and for the sensitivity Fig. 6 Plot of the relation between the pixel values and
correction factor of ionizing chambers. the square roots of the dose rates determined

L 2 . using the farmer type cylindrical ionization
Hence, b =y(-a'n(#)"+C). The relation- chamber on the central axis at maximum depth

ship between the pixel values and the for field size (10 cm X 10 cm) and SOD (100 cm)
‘ with 4 MV X-rays. The sécond curve was deter-
mined 14 days after the first curve. Pixel values
secondary dimension quantic formula the were averaged over 11X 11 pixels around the
center of the field.

dose rates in Eq. (7) can be given as a

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 (4). 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. W,

When we multiplied /# by 2.47, the difference in the EPID dose rate was within + 0.1%. We,
now, 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-Fk-h (8)

Eq. (8) implies that the characteristic curve of the pixel values does not need to be constructed,
we have to acquire % as a factor for the daily deviation from measurements in the standard irradia-
tion field.

The effect of the scattered rays on sensitivity in the EPID was speculated to depend on the ef-
fects of the water equivalent materials and PCB in the front, back, and supports of the EPID struc-
ture. For 4 MV, the effects of the scattering body in the back were stronger than those for 10 MV,
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and the difference of Se,p values between the L-EPID and farmer type cylindrical ionization cham-

ber 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 19 for the dose rate of L-EPID, which led to the following

equation.
P=a-D+b-VD-kh ®)

h: changes in effect from the contaminanf concentration in electric charge layer, k: sensitivity cor-
rection 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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Abstract

Background and purpose: This study was conducted to analyze the influence of radiotherapy doses and chemotherapy
doses and clinical parameters on in-field disease control in order to assess the optimal radiation doses for treatment of
mature T/NK-cell lymphomas according to the newly proposed WHO classification.

Patients and methods: Subjects consisted of 62 patients with mature T/NK-cell lymphomas treated with radiotherapy at
four Japanese institutions between 1983 and 2002. We reevaluated all histopathological specimens of non-Hodgkin’s
lymphomas (NHL), using the WHO classification. Radiation therapy was usually delivered to the involved field. The
majority of patients also received adriamycin-based chemotherapy such as CHOP, modified CHOP, or more intensive
chemotherapy.

Results: There were no significant differences in radiosensitivity among subtypes of mature T/NK-cell lymphomas, at
least between extranodal NK/T-cell lymphomas, nasal type and peripheral T-cell lymphomas, unspecified. There was a
radiation dose-response in non-bulky mature T/NK-cell lymphomas, indicating that radiation doses of more than 52 Gy
may be required to obtain in-field control. However, it was difficult to obtain local control of bulky T-cell lymphomas, even
with high doses of irradiation.

Conclusions: Mature T/NK-cell lymphomas were more radioresistant than B-cell lymphomas such as diffuse large B-cell
lymphomas (DLBCL). The chemotherapy including adriamycin did not improve the in-field control of mature T/NK-cell
lymphomas. These results were obtained by using non-randomized data and the significance of these results is limited by
bias in data. However, our results suggest that the treatment strategy which is usually used for DLBCL, that is, a combined
modality of CHOP and around 40 Gy of radiotherapy, may not be sufficiently effective for mature T/NK-cell lymphomas.
© 2006 Elsevier Ireland Ltd. All rights reserved. Radiotherapy and Oncology 79 (2006) 179-184.
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T-cell non-Hodgkin’s lymphomas (NHL) are rare in Europe
and the United States, where they constitute about 15-20%
of aggressive lymphomas [1,2]. They are more common in
Taiwan and Japan [3,4]. Mature T/NK-cell lymphomas makes
up the majority of T-cell NHL in adult patients. Mature T/NK-
cell lymphomas has been reported to have poor prognosis in
most series [2,3,5-7]. However, regarding standardization of
treatment, classification, and pathophysiology of mature T/
NK-cell lymphomas the current knowledge is markedly
behind that of B-cell lymphomas, which are approximately
10 times more frequent [8].

Advances in immunophenotyping and molecular genetics
have identified T-cell NHL not identified by the Working

Formulation. These entities have been included in the
Revised European-American Lymphoma (REAL) and sub-
sequent WHO classifications [9,10], which use a combination
of morphologic, immunologic, genetic and clinical infor-
mation to define distinct disease entities. These classifi-
cations allow for the identification of subgroups of patients
with T-cell lymphomas but are not based on patient
outcome. Only a few previous studies have evaluated mature
T/NK-cell lymphomas in relation to the REAL or WHO
classifications [11].

In particular, no information is available on the optimal
radiotherapy dose necessary to achieve in-field disease
control in patients with mature T/NK-cell lymphomas who
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are treated with combined chemotherapy and radiotherapy.
Patient numbers within each lymphoma subtype were small,
reflecting the rarity of mature T/NK-cell lymphomas in
clinical practice, and a larger series would be improbable in
a single center. Small numbers within each subtype also
precluded a more detailed analysis of different treatment
types. Therefore, the accumulated experiences of various
institutions should be utilized to obtain a more effective
treatment for this tumor.

This report is a multi-institutional study of patients with
mature T/NK-cell lymphomas, which were treated with
radiotherapy and chemotherapy at four hospitals in Japan
between 1983 and 2002. We reevaluated histopathological
specimens of NHL, using the WHO classification and
investigated the relationship between the clinical charac-
teristics and histopathological classification of these speci-
mens. Then, we analyzed the influence of radiotherapy
doses as well as chemotherapy on in-field disease control in
order to assess the optimal radiation doses for treatment of
mature T/NK-cell lymphomas according to the WHO
classification.

Materials and methods

Patient characteristics

There were 68 patients with mature T/NK-cell lympho-
mas treated with radiotherapy at Sapporo Medical University
Hospital, Aichi Cancer Center, Sapporo City Hospital, and
National Sapporo Hospital between 1983 and 2002. Six
patients were excluded from this study because their
irradiation was aborted due to various reasons before the
planned dose was reached.

Malignant lymphomas with histologic features other than
mycosis fungoides were accepted as mature T/NK-cell
lymphomas when a T/NK-cell phenotype was demonstrated
and/or by the presence of T/NK-cell receptor clonality.
Primary brain lymphomas were excluded from this study
because their natural history and prognosis are very different
from the other lymphomas [12].

Table 1
Characteristics of the patients

The characteristics of mature T/NK-cell tymphomas
patients are summarized in Table 1. There were 26
extranodal NK/T-cell lymphomas, nasal type (nasal NK/T-
cell lymphoma), 23 peripheral T-cell lymphomas, unspeci-
fied (peripheral T lymphoma, unspec.), eight anaplastic
large-cell lymphomas, T/null cell type, two adult T-cell
leukemia/lymphoma, two angioimmunoblastic T-cell lym-
phoma, and one enteropathy-type T-cell lymphoma. Nasal
NK/T-cell lymphoma is more prevalent in the younger
generation, compared with the other mature T/NK-cell
lymphomas.

Table 2 shows the histopathological distribution accord-
ing to primary sites. All but one patient with nasal NK/T-cell
lymphoma were seen only in the nasal sinus. However,
peripheral T lymphoma, unspec., and anaplastic large-cell
lymphomas had originations in various primary sites.

Histology and T/B phenotype

Three of the authors (M.S., E.N., H.S.) reassessed
specimens using the morphologic and immunological tech-
niques described below. Histological classification was
performed according to the WHO classification [10].
Immunohistochemical studies were performed using paraffin
sections, the avidin-biotin peroxidase complex technique,
and a panel of monoclonal antibodies (L2 CD3, MT1, UCHL1,
and CD56).

Treatment

Radiation therapy was usually delivered to the involved
field. In patients treated with chemotherapy and subsequent
radiotherapy, 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.
The standard total radiation doses were 40-50 Gy. Four
patients who were treated before 1985 received less than
40 Gy. Radiation was added in excess of 50 Gy when
irradiated tumors did not disappear at the originally
intended dose. CT has been used to examine the extent of
tumor invasion in all patients and MRI also has been used
since 1988. We checked simulator films or dose distributions

Nasal NK/T-cellL -

Peripheral T L, unspec. Anaplastic large-cell L

Male:female 17:9

Age (average) . 27-74 (48)
Radiation dose (Gy) o . ’
Median . ' o 50
Range ' - . ) 30-78
Chemotherapy - ; e ‘ '
None, or regime not including ADM 4
CHOP, modified CHOP or more intensive 14 .
Regime including platium-based drug 6
High dose chemo+PBSCT 2
Stage | N 18
Stage |l 5
Stage lllor IV - 3

11:12 : 2:6 . .
33-75 (57) 24-75 (56)
44° 44.6 ,
39-64 SR 30-54.6
5 2

15 6

1 0

2 0

14 -3

5 3

4 2

L, lymphoma; DLBCL, diffuse large B-cell lymphoma; PBSCT, peripheral blood stem cell transplantation.
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Table 2 ;
Primary sites and pathological classification

Pathology Orbit: - NC WR: Skin - L/N Others

Peripheral T/ 1 7 2 4 7 2
NK-cell L o ; : :
Nasal NK/ = 250

T-cell L e o e e
Anaplastic 2 1000 1 31
large-cell L :
Angioimmu-- e 1 2

noblastic L. o SR - ’

Adult T-cellL ~ s 2

NC, nasal cavity; WR, Waldeyer’s ring; L/N, lymph nodes.

data in all patients and made sure there were no
geographical misses. The conformal radiotherapy techniques
using multi-leaf collimators has been used since 1985 to
reduce doses to critical normal structures (Table 1).

Chemotherapy has been changed according to era.
Chemotherapy was not used or regime not including
adriamycin (ADM) was used from 1980 to 1985. CHOP had
been used since 1985 until 2000. Regime including platium-
based drugs have been performed since 1993. Peripheral
blood stem cell transplantation (PBSCT) was introduced to
advanced disease such as stage Ill or IV at 1998. Such change
reflects the lack of chemotherapy regime, which is effective
to T/NK-cell lymphomas.

We classified chemotherapy into four categories, namely:
‘none, or regime not including ADM’, ‘CHOP, modified CHOP
or more intensive’, ‘regime including platium-based drugs’,
and "high dose chemotherapy+ PBSCT’.

The greatest number of patients received CHOP (cyclo-
phosphamide: 750 or 600 mg/m? in the elderly; adriamycin:
50 or 40 mg/m? in the elderly; vincristine: 1.4 mg/m?; and
prednisolone: 60 mgx5 days), modified CHOP, or more
intensive chemotherapy, mostly before radiotherapy.

The third category, ‘regime including platium-based
drugs®, included DeVIC (dexamethasone 40 mg/m?x 3 days,
etoposide 100 mg/m?x 3 days, ifosphamide 1500 mg/m? X
3 days, and carboplatin 300 mg/m2x 3 days). This kind of
chemotherapy has recently been used for nasal NK/T-cell
lymphoma.

Statistical analysis

The overall survival rates and distant involvement-free
survival rates were calculated from the start of treatment by
the Kaplan-Meier method, and differences in the survival
rates were examined by the log-rank test. The median
follow-up for the living patients was 61 months.

In-field failure was defined as any failure with an in-
field component; that is, any recurrence in the irradiated
volume. In this study to examine the relationship between
dose versus in-field control, all patients were included
regardless of the disease stage. The living patients whose
follow up periods were less than 24 months were excluded
from this analysis although they had achieved local
control.

Results

The overall five-year survival rate for stage | or Il patients
with peripheral T lymphoma, unspec. was 84% and that with
NK/T-cell lymphoma was 62%. The distant-involvement-free
five-year survival rate for stage | or Il patients with
peripheral T lymphoma, unspec. was 85% and that with
NK/T-cell lymphoma was 62%. NK/T-cell lymphoma
appeared to the worse prognosis than peripheral T
lymphoma, unspec., but there were no significant differ-
ences in the overall survival rate and distant-involvement-
free survival rate.

There were 20 patients with mature T/NK-cell lympho-
mas who were treated with chemotherapy before radiation.
After chemotherapy, 12 patients obtained CR, three PR,
three NC, and two PD. In-field recurrences were seen in 3 of
12 patients with CR, none of three PR, all three NC, and all
three PD.

Fig. 1a demonstrates the in-field local control of nasal
NK/T-cell lymphoma according to intensity of chemotherapy
and dose of radiotherapy. The intensity of chemotherapy
was represented by doses of ADM. The patients treated with
a regime including platium-based drugs or high dose
chemotherapy +PBSCT are separately demonstrated in the
vertical axis. The patients with bulky mass (>6cm in
diameter) were also separately demonstrated. Twenty five
patients with nasal NK/T-cell lymphoma were included in
this analysis. One patient with bulky tumor was excluded
from this analysis due to short follow-up period. Ten patients
had bulky tumor and the other 15 patients had non-bulky
tumor. In non-bulky tumors, there was a relationship
between radiation dose and in-field control. Only three of
the nine patients who were treated with 52 Gy or less had
local control whereas all six patients who were treated with
more than 54 Gy obtained local control. The dose of ADM or
chemotherapy with platium-based drugs had no influence on
in-field control of nasal NK/T-cell lymphoma. In bulky
tumors, there was no apparent relationship between
radiation dose and in-field control, suggesting that it was
very difficult to obtain local control of nasal NK/T-cell
lymphoma that was larger than 6 cm in diameter.

Fig. 1b demonstrates the in-field local control of
peripheral T lymphoma, unspec. according to intensity of
chemotherapy and dose of radiotherapy. The total of 23
patients with peripheral T lymphoma and 26 tumors were
included in this analysis. There were only two tumors, which
were bulky in this analysis. In non-bulky tumors, there was a
relationship between radiation dose and in-field control.
Only 9 of the 16 patients who were treated with 46 Gy or less
had local control whereas five of six patients who were
treated with more than 48 Gy achieved local control. The
dose of adriamycin had no influence on local control of
peripheral T lymphoma, unspec.

In addition to patients with nasal NK/T-cell lymphoma
and peripheral T lymphoma, unspec., four patients with non-
bulky tumors of other histologies were also evaluable for in-
field control. A patient with adult T-cell leukemia/lym-
phoma treated with 44 Gy of radiotherapy alone underwent
in-field recurrence. All two patients with anaplastic large-
cell lymphoma had in-field control, who were treated with
51 Gy of radiotherapy alone or 54.6 Gy of radiotherapy and
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