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BACKGROUND. Non-Hodgkin lymphoma (NHL) represents a heterogeneous group
of tumors that vary with regard to their biologic aggressiveness and clinical course,
In in vitro studies, matrix metalloproteinase 9 (MMP9) was reportedly expressed by
human NHL cells and elevated levels of MMP9 have been observed in a subset of
patients with high-grade NHL.

METHODS. The expression of MMP2 and MMP9 was evaluated in 158 patients with
NHL and the relation between the expression of these proteins and clinicopatho-
logic factors was analyzed, All but 1 patient had received radiation therapy and 92
patients also were treated with intensive combination chemotherapy.

RESULTS. Nearly all the patients with extranodal natural killer NK/T-cell lym-
phoma nasal type and anaplastic large cell lymphoma, T-cell/null cell type ex-
pressed MMPS. In contrast, only a small fraction of the patients with mucosa-
associated lymphoid tissue (MALT) lymphomas and follicular lymphomas
expressed MMP9. Approximately 50% of the diffuse large B-cell lymphoma (DL-
BCL) cases expressed MMP9, The expression of MMP2 was noted in some of the
patients with DLBCL and nasal NK/T-cell lymphoma. The overall survival rates of
patients who expressed MMP9 were significantly lower than that of those who did
not. Such a correlation was not demonstrated in MMP2 expression, When MMP9
expression was analyzed in DLBLC patients, the overall survival rates of patients
who expressed MMP9 were significantly lower than those who did not express
MMP4. Chemotherapy was associated with better overall survival in DLBCL pa-
tients who expressed MMPS. Overall survival rates of T-cell/NK-cell lymphoma
patients who expressed MMP9 appeared to be lower than that in those who did not
express MMP9. However, chemotherapy was not found to improve overall survival
in patients who expressed MMP9.

CONCLUSIONS. MMPS expression was cbserved in patients with aggressive NHL
and was characterized by poor overall survival. Cancer 2004;100:356-65.

© 2003 American Cancer Soclety.

KEYWORDS: Nen-Hodgkin Iymphoma (NHL), matrix metalloproteinase 9 {MMPS),
matrix metalloproteinase 2 (MMP2), prognostic factor, Epstein-Barr encoded small
RNA 1 (EBER1).

N on-Hodgkin lymphoma (NHL) represents a heterogeneous group
of tumors that vary in their biologic aggressiveness and clinical
course.!

A variety of lymphoma classifications have been advanced on the
basis of both morphologic and molecular parameters. The most re-
cent classification scheme, the Revised European-American Lym-
phoma classification, and the World Health Organization classifica-
tion system were introduced to categorize distinet clinicopathologic
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TABLE 1

Primary Tumor Sites and Pathologic Classification

Pathology Brain Orbit NC Ps NP WR  Thyroid SG IN Others Stage I Stage Il Stage I or [V
MALTL 29 2 1 30 3 2
DLBCL 7 3 4 4 6 31 1 15 3 35 29 11
Follicular L 3 2 3 5 1 8 4

Peripheral T cell L 4 1 2 1 6 2
Anaplastic large cell L 1 1 1 1 1 3

Nasal NK/T-cell L 7 11 4 2
Stage [ 7 29 17 4 3 8 4 12 3

Stage 1 1 4 6 2 3 1 4 2

Stage il or [V 2 2 1 4 1 6 2

NC; niasal cavity; PS: paranasal sinus; NP: nasopharyru WR: Waldeyer ring excluding the nasopharyn; SG: salivary glands; LN: lymph nodes; MALT L mucosa-associated ymiphoid tissue lymphome; DLBCL: diffuse
large B-cell ymphoma; Follicular L: follicular lymphoma; Peripheral T-cell L: peripheral T-cell! lymphoma; Nasal NK/T-cell L: nasal natural kiler cellfT-cell lymphoma.

entities. However, within this classification system,
various morphologic subtypes were unified into
groups despite the suspicion that they included sev-
eral disease entities.>® Despite the variety of clinical,
morphologic, and molecular parameters currently
used to classify human malignancies, patients receiv-
ing the same diagnosis can have markedly different
clinical courses and responses to treatment.* There-
fore, developing an algorithm for selecting the treat-
ment modality suitable for each patient with NHL is
very important.

The matrix metalloproteinases (MMPs) are a fam-
ily of zinc- and calcium-dependent proteolytic en-
zymes capable of degrading most extracellular matrix
(ECM) components.® Depending on their substrate
specificity, MMPs are broadly divided into collag-
enases, stromelysins, and gelatinases. The latter
group, comprised of Gelatinase A (MMP2) and Gela-
tinase B (MMP9), degrade denatured collagens (gela-
tin), native Type IV and Type V collagens, and elastin.®
Because Type IV collagen is one of the integral com-
ponents of the basement membrane (BM}, the uncon-
trolled expression of two Type IV collagenases, MMP2
and MMP9, is believed to play a critical role in the
invasion of the BM by tumor cells.” MMPs have been
implicated in tumor invasion and metastasis.®*®

In the current study, we performed an immuno-
histochemical study of the expression of MMP2 and
MMP? in patients with NHL to examine their value as
prognostic factors.

MATERIALS AND METHODS

Patient Characteristics

Between 1983 and 2001, 158 patients with histologi-

cally confirmed NHL were treated at the Department

of Radiology at Sapporo Medical University Hospital.
There were 35 patients with extranodal marginal

zone B-cell lymphoma of mucosa-associated lym-
phoid tissue (MALT) type (MALT lymphoma) (mean
age, 61.9 years; range, 28-89 years); 75 patients with
diffuse large B-cell lymphoma (DLBCL) (mean age,
60.8 years; range, 28-89 years); 14 patients with fol-
licular lymphoma (mean age, 57.0 years; range, 19-86
years); 17 patients with extranodal natural killer (NK)
cell/T-cell lymphoma, nasal type (nasal NK/T-cell
lymphoma) (mean age, 51.1 years; range, 27-74 years);
8 patients with unclassified peripheral T-cell lym-
phoma (mean age, 56.0 years; range, 35-73 years); 4
patients with anaplastic large cell lymphoma, T-cell/
null cell type (mean age, 53.5 years; range, 40-69
years); and 5 others. The mean age for the total gen-
eration was 59.0 years and nasal NK/T-cell lymphoma
appeared to be prevalent in the younger generation,
compared with the other lymphomas. The gender dis-
tribution for the total generation was 81 male and 77
female patients. The gender distribution according to
pathologic classification was as follows: 16 males and
19 females with MALT lymphoma, 41 males and 34
females with DLBCL, 7 males and 7 females with fol-
licular lymphoma, 10 males and 7 females with nasal
NK/T-cell lymphoma, 5 males and 3 females with
peripheral T-cell lymphoma, and 4 females with ana-
plastic large cell lymphoma. The clinical stage was
defined according to Ann Arbor classification. 94 had
Stage I disease, 45 patients had Stage II disease, 10
patients had Stage Il disease, and 9 patients had Stage
IV disease.

Tablel shows the histopathologic distribution ac-
cording to primary tumor sites. The majority of MALT
lymphomas originated from the orbit (29 patients) or
thyroid gland {3 patients), Of the eight peripheral T
cell L cell lymphoma cases, four originated in the nasal
cavity and two criginated in the lymph nodes. Nasal
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NK/T-cell lymphoma was noted in the nasal sinus
only. DLBCL cases were all from primary tumor sites.

Treatnent

All but one patient received radiation therapy. Sixty
patients received radiation therapy alone. Radiation
therapy usually was delivered to the involved field.
The dose per fraction ranged from 1.8-2.0 grays (Gy).
All treatment regimens included five daily fractions
per week. A total dose of 50 Gy for intermediate or
_ more aggressive diseases and 40 Gy for low-grade
lymphomas was usually planned.

Ninety-two patients received the cyclophospha-
mide, doxorubicin, vincristine, and prednisone
{CHOP) regimen, a modified CHOP regimen, ar more
intensive chemotherapy and 9 patients were treated
with other combination or single-agent chemother-

apy.

Statistical Analysis

Disease-specific survival rates of the patients were
measured using the Kaplan-Meier method, Statistical
significance was compared using the log-rank test,

Immunohistochemical Examination

All the biopsies were obtained at the initial time of the
diagnosis. Immunohistochemical staining was per-
formed using the avidin-biotin—peroxidase complex
method.!?

Biopsy specimens from formalin-fixed and paraf-
fin-embedded tumor and normal tissues were stained
using antibodies to each protein. After deparaffiniza-
tion, the tumor specimens were cut at 5-um thickness
and stained using an immunohistochemical proce-
dure. The streptoavidin-biotin-peroxidase complex
technique (SAB) was used for staining sections. The
SAB technique was performed as follows. After block-
ing with 1% hydrogen peroxide in methanol, Fc recep-
tor was blocked with 30% bovine serum for 15 min-
utes. The sections were incubated overnight at room
temperature with each specific primary antibody. The
sections then were incubated with a second biotinyl-
ated antibody of rabbit antimouse specificity
(Nichirei, Tekyo, Japan) for 10 minutes. The avidin-
peroxidase reagent (Nichirei) then was applied for 10
minutes. All sections were counterstained with hema-
toxylin. Reactivity was visualized with 3,3’-diamino-
benzidine tetrahydrochloride (DAB) as the substrate,
yielding a brown reaction product.

Immunohistochemical detection was performed
using the following maonoclonal antibodies: antihu-
man MMP2 (Daiichi Fine Chemical Company., Ltd.,
Takaoka Japan) (1:200 dilution) and antihuman MMP9
(Daiichi Fine Chemical Company, Ltd.) (1:200 dilu-

tion). Normal mouse serum was substituted for pri-
mary antibodies as a negative control. For MMP2 and
MMPS, tumors that contained at least focally moder-
ate to strong immunoreactivity were considered pos-
itive.

In Situ Hybridization

RNA-DNA in situ hybridization was performed on for-
malin-fixed and paraffin-embedded tissue sections
using the biotinylated synthetic DNA probe as previ-
ously described, with modifications.'* Briefly, 5-um
tissue sections were cut on sialinized slides, dewaxed
in xylene, and rehydrated. The endogenous peroxi-
dase activity was blocked with 0.5% hydrogen perox-
ide in phosphate-buffered saline (PBS) and the slides
were dried after dehydration. The biotinylated probe
was an oligonucleotide DNA complimentary to the
EBER1 sequence that was chemically labeled with 6 bi-
otin molecules (5'-CCCTAGCAAAACCTCTAGGGCAGC-
(TAG)5-BBB-(TAG)2-BBB-3)."* The probe was diluted to
a concentration of 1 ug/mL in Brigati Probe Diluent
(Research Genetics, Huntsville, AL}. Depending on the
size of the tissue section, 50-100 uL of the diluted probe
solution was spotted on to the sections and a coverslip
placed on top. After incubation in a humidified chamber
at 45 *C for 2 hours, the slides were immersed in PBS 3
times at room temperature. The hybridization signal was
detected by using the avidin-biotin-peroxidase tech-
nique with DAB as the chromogen {(Nichirei). The sec-
tions then were counterstained with hematoxylin, dehy-
drated, mounted with permount, and investigated under
a light microscope.

RESULTS

Expression of MMP2 and MMP9
Imrmunochistochemically, the MMP9 gene product was
localized in lymphoma cells, macrophages, and neutro-
phils (Fig. 1A). All cells that were positive for MMP9 were
intensely stained, indicating that they expressed high
levels of MMPS. Cells that expressed MMP9 existed at
the invasive edge of tumor cell nests and the peripheral
regions of the necrotic zone. MMP2 gene product was
detected only on stromal fibroblasts and macrophages
surrounding the turnar cells {Fig, 1B).

The expression rates of MMP2 and MMP9 are
shown in Table 2. MMP9 was expressed in T-cell lym-
phomas more frequently compared with B-cell lym-
phomas. Of particular note, nearly all the patients with
nasal NK/T-cell lymphoma and znaplastic large cell
lymphoma expressed MMP9. In contrast, only a small
section of the patients with MALT lymphomas and
follicular lymphomas expressed MMPS. Approxi-
mately 50% of the DLBCL patients expressed MMP9,
The MMP9 expression rates in DLBCL according to
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FIGURE 1. (&) Cells that expressed . -~
matrix metalleproteinase § (MMP9) ex- ‘ .‘ &
isted at tha invasiva edge of tumor cell ¥ * %
nests. (B) Only stromal fibreblasts and .
macrophages sumounding the tumor
cells were found to express MMP2. (C)
Expression of Epstein-Barm virus en- . .
coded small RNA 1 (EBER1) transcripts. Co
In situ hybridization profiles demon-
strated signals of the EBER1 RNA tran-
scripts in the nuclel of the great majority "
of tumor cells (original magnification -
x 400, A-C).

stage of disease were 17 of 35 patients with Stage I
disease, 16 of 29 patients with for Stage I disease, and
5 of 11 patients with Stage III or Stage IV disease. The
MMP9 expression rates in peripheral NK/T-cell lym-
phoma according to stage of disease were three of six
patients with Stage I disease and two of two patients
with Stage IV disease.

Approximately 45% of the patients with DLBCL
and 29% of those with nasal NK/T-cell lymphoma
expressed MMP2. However, none or very few patients
with the other types of lymphomas expressed MMP2.
The MMP2 expression rates in DLBCL according to

MMP9 Expression In NHL/Sakata et al. 359

stage of disease were 12 of 35 patients with Stage I
disease, 21 of 29 patients with Stage Il disease, and 1 of
11 patients with Stage III or Stage IV disease. MMP2
expression rates in patients with nasal NK/T-cell lym-
phoma according to disease stage were 3 of 11 pa-
tients with Stage I disease, 1 of 4 patients with Stage II
disease, and 1 of 2 patients with Stage IV disease.,

Survival

Figure 2 shows overall survival rates in patients with
Stage I and Stage II NHL according to histologic clas-
sification. The overall 5-year survival rate for patients
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TABLE 2

Expression of MMP2 and MMP9 According to Pathology

Pathology MniP2 MMPY
Marginal zone B-¢ell lymphoma 1435 (2.9%} 3/35 (8.6%}
Diffuse large B-cell lymphoma 34175 (45%) 37175 45%)
Fellicular lymphoma 0/14 0%) 2114 (14%}
Extranodal NK/T-cell lymphoma, nasal type SA17 (29%) 15/17 {88%)
Peripheral T-cell lymphoma 0/8 {0%) 5/8 {63%)
Anaplastic large cell lymphoma 0/4 (0%) 414 (100%)

MMPZ; matrix metalloproteinase 2; MMP: matrix metalloproteinase 9; NK: natural killer cell

with MALT lymphoma was 100%. Patients with MALT
lymphoma demonstrated higher survival rates than
patients with follicular lymphoma (P < 0.05), DLBCL
(P < 0.01), or peripheral T-cell lymphoma (P < 0.05},
Patients with nasal NK/T-cell lymphoma were found
to have significantly lower survival rates than patients
with MALT lymphomas (P < 0.01), follicular lympho-
mas (P < 0.05), or DLBCL (P < 0.05).

Figure 3A shows the overall survival rates of all
patients with Stage I or Stage II lymphoma according
to MMP9 expression. The 5-year overall survival rate
for those patients who expressed MMP9 was 50%. The
5-year overall survival rate for patients who did not
express MMP9 was 88%. The difference was found to
be statistically significant (P < 0.01).

Figure 3B shows the overall survival rates for all
patients with Stage I or Stage Il according to the ex-
pression of MMP2. The 5-year overall survival rate for
patients who expressed MMP2 was 62%. The 5-year
overall survival rate for patients who did not express
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FIGURE 2. Overall survival curves for patients with Stage § and Il non-
Hodgkin lymphoma according to histologic examination. MALT L: mucosa-
associated lymphoid tissue lymphoma; Peripheral TL: unclassified peripheral
T-cell lymphoma; Follicular L: follicular lymphema; DLBCL: diffuse large B-call
lymphoma; NK/T L: natural kilter/T-cell lymphoma.

MMP2Z was 73%. There was no statistically significant
difference.

DLBCL and MMPS Expression

Figure 4A demonstrates the overall survival rates of
DLECL patients with Stage I or Stage II disease accord-
ing to MMP9 expression. The 5-year and 10-year over-
all survival rates for patients who expressed MMP9
were 58% and 54%, respectively. The 5-year and 10-
year overall survival rates for patients who did not
express MMP3 were 83% and 83%, respectively. The
difference was statistically significant (P < 0.01).
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FIGURE 3. (%) Overall survival rates of patients with Stage | and Il non-
Hodgkin lymphoma according to matrix metalloproteinase 9 (MMP9) expres-
sion. (B) Overall survival rates of patients with Stage | and It non-Hodgkin
lymphoma according to MMP2 expression.

Figure 4B presents the effect of chemotherapy on
overall survival rates in DLBCL patients with Stage 1 or
Stage II disease.

Chernotherapy was associated with better survival
in patients whose tumors expressed MMP9. However,
the difference was not found to be statistically signif-
icant, most likely because of the inadequate sample
size.

Chemotherapy did not appear to significantly im-
prove the overall survival of patients whose tumors
did not express MMP9.

T-cell/ NK Lymphoma and MMP9 Expression

Figure 5A demonstrates the overall survival rates of
T-cell/ NK-cell (T/NK) lymphoma patients with
Stage 1 or Stage II disease according to the expres-
sion of MMP9, The 5-year and 10-year overall sur-
vival rates for patients who expressed MMP9 were
43% and 43%, respectively. The 5-year overall sur-
vival rate for patients who did not express MMP9
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FIGURE 4. (&) Overali survival rates of patients with Stage I and Il diffuse
large B-cell iymphoma (DLBCL) according fo matrix metalloproteinase-9
{MMPQ) expression. (B) Overall survival rates of pafients with Stage | and Il
DLBCL according to MMP9 expression and use of chemotherapy (Chemo).
Patients treated with chemotherapy (Chema [+]) included patients treated with
the cyclophosphamide, doxorubicin, vincristine, and prednisone (CHOP) regi-
men; a modified CHOP regimen; or mere intensive chemotherapy. Patients
freated with other combination or single-agent chemotherapy were not In-
cluded in this group.

was 80%. Although difference was not statistically
significant, this most likely was because of the small
sample size,

Figure 5B shows the effect of chemotherapy on
overall survival rates of patients with T/NK lymphoma
with Stage I or Stage Il disease. Chemotherapy did not
appear to improve the overall survival of those pa-
tients who expressed MMP9.

Epstein—Barr Virus Encoded Small RNA 1 Detection Rates
Epstein-Barr virus encoded small RNA 1 (EBERI)
transcripts were detected in nearly all patients with
nasal NK/T-cell lymphoma (Fig. 1C; Table 3). There
were EBER1 transcripts in DLBCL patients and those
with peripheral T-cell lymphoma. However, detec-
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FIGURE 5. (&) Overall survival rates of patients with Stage | and Il T-cell/
naturat killer celt (T/NK) lymphoma according to matrix metalloproteinase-9
(MMP9) expression. {B) Overall survival rates of patients with Stage | and |}
TMNK lymphoma according to MMP expression and use of chemotherapy.
Patients treated with chemotherapy (Chemo [+]) included patients treated with
the cyclophosphamide, doxerubicin, vincristing, and prednisone (CHOP) regi-
men; a modified CHOP regimen; or more intensive chemotherapy. Patients
treated with other combinations or single-agent chemotherapy were not in-
cluded In this group.

tion rates of DLBCL and peripheral T-cell lymphoma
were much lower than those of nasal NK/T-cell lym-
phoma. Detection rates of EBER1 transcripts in pa-
tients who expressed MMP$% were similar to detec-
tion rates in the total number of patients with
DLBCL and peripheral T-cell lymphoma. Detection
rates of EBER1 in patients with DLBCL according to
stage of disease were 2 of 32 patients with Stage I
disease, 4 of 22 patients with Stage Il disease, and 1
of 11 patients with Stage III or Stage IV disease.
The EBERI1 detection rates for patients with periph-
eral T-cell lymphoma based on stage of disease were
two of six patients with Stage [ disease and neither
of the two patients with Stage III or Stage IV disease.

TARLE 3
Detection Rates of EBERI Transcripts According to Histologic
Examination

In overall In MMP9-positive
Pathology cases cases
DLBCL 7165 (11%) 4133 (12%)
Peripheral T-cell lymphoma 418 (50%) 215 (40%)
Anaplastic large cell lymphoma 0/4 (0%} 074 [0%)
Nasal NKI/T-cell fymphoma 16717 (94%) 14/15 (93%)

EBERL: Epstein-Barr virus encoded small ENA 1; MMP3: matrix metalloproteinase 9; DLBCL: diffuse
large B-cell tymphoma; NK: natural Liller cell.

DISCUSSIDN
In the current series, 157 of 158 patients received
radiation therapy. Sixty patients received radiation
therapy alone. This is an unusual distribution in terms
of chemotherapy versus radiation therapy for NHL
patients in the U.S. and Europe. One possibility for
this difference is the referral bias to a radiclogy de-
partment because this study is based on patients
treated at the Department of Radiology at Sapporo
Medical University Hospital, Another possibility is the
differing frequencies of NHL in Japan and in Western
countries. Follicular lymphoma is the second most
common lymphoma in the U.S. and western Europe,
accounting for 20% of all NHL cases and up to 70% of
low-grade lymphoma cases reported in American and
European clinical trials.’®'® Most patients with follic-
ular lymphoma have widespread disease at the time of
diagnosis, and are treated with chemotherapy. How-
ever, follicular lymphoma is relatively rare in Japan.!*
Essential steps in the process of tumor invasion
and metastasis include the degradation of the ECM
and BM. The invasion of the BM by tumor cells is
believed to be one of the critical steps in metastasis,
which includes sequential multistep processes.'s
Many proteolytic enzymes degrade components of the
ECM and BM."® Among these, the MMPs are attractive
candidates for enzymes required for tumor metastasis.
The MMPs can degrade native collagens and other
ECM components.!” The MMP family includes 4 types
of collagenase (MMP1, MMP8, MMP13,and MMP18),
3 types of stromelysin (MMP3, MMP10, and MMP11),
and the 72-kilodalton (kD) and 92-kD Type IV gelati-
nases or collagenases (MMP2 and MMP9), Because
Type IV collagen is one of the integral components of
the BM, the uncontrolled expression of two Type IV
collagenases, MMP2 and MMPS, is believed to play a
critical role in the invasion of the BM by turnor cells.”
The release of MMP2 and/or MMP9 has been associ-
ated with metastasis in a variety of model sys-
tems.'#20
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It was demonstrated in an in vitro study that
MMP9 is expressed by human NHL cells and elevated
levels of MMP9 were observed in a subset of high-
grade NHL cases.??? To our knowledge, the current
study is the first study published to date in which the
expression of MMP9 and MMP2 in lymphoma tissues
were investigated immunohistochemically to examine
their values as prognostic factors. The findings of the
current study agreed with findings obtained with in
vitro studies. NHL patients who expressed MMP9 ap-
peared to have a significantly worse prognosis com-
pared with patients who did not express MMP9 (Fig.
3A). MMPS positivity was more prevalent in aggressive
lymphomas compared with indolent lymphomas (Ta-
ble 2). Nearly all patients with nasal NK/T-cell Iym-
phoma and anaplastic large cell lymphoma expressed
MMP3, In contrast, only a small section of patients
with MALT lymphomas and follicular lymphomas ex-
pressed MMP9.

The current study results observed in DLBCL pa-
tients were compatible with previous results obtained
with chemotherapy alone.?® However, the study by
Miller et al. included histologies other than DLBCL.
Approximately 50% of the DLBCL patients expressed
MMPS9, indicating that DLBCL can be divided into
different malignancy groups accerding to MMP9 ex-
pression. We also demonstrated that chemotherapy
was associated with improved overall survival in pa-
tients who expressed MMP9 (Fig. 4B). However, che-
motherapy did not appear to improve the overall sur-
vival significantly in patients who did not express
MMP9. The overall survival rate of DLBCL patients
who did not demonstrate MMP9 expression and were
treated with radiation therapy alone was approxi-
mately 80%. Actually, only 2 of the 11 DLBCL patients
without MMP9 expression who were treated with ra-
diation therapy alone died. In such patients who have
high survival rates, an improvement in the survival
rate with the use of chemotherapy would translate
into only a small change. Therefore, a considerable
number of patients are required to detect the statisti-
cally significant benefit.

DLBLC is clinically heterogeneous.’? The morpho-
logic diagnosis of DLBCL was insufficiently precise to
identify definitive diagnostic subgroups, even when
supplemented with immunohistochemistry for a few
markers. Using DNA microarray, Alizadeh et al.* dem-
onstrated two molecularly distinct forms of DLBCL
that had gene expression patterns indicative of differ-
ent stages of B-cell differentiation. The two DLBCL
subgroups are distinguished from each other through
the differential expression of hundreds of different
genes, and these genes relate each subgroup to a sep-
arate stage of B-cell differentiation and activation. Al-
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izadeh et al. claimed that it is quite possible that more
subgroups will emerge through the use of gene expres-
sion profiling.* The findings of the current study may
help distinguish that subgroup of DLBCL patients who
should be treated with a combination of chemaother-
apy and radiation therapy.

T/NK lymphoma patients who expressed MMP9
appeared to have worse overall survival rates than
those who did not express MMP9, However, in marked
contrast with the results of chemotherapy in patients
with DLBCL, chemotherapy was not found to improve
the overall survival of patients who expressed MMP9
(Fig. 5B). Combination chemotherapy and involved-
field radiation therapy have been reported to improve
the outcome of patients with intermediate-grade or
high-grade NHL (aggressive lymphoma).?® Neverthe-
less, many patients do not achieve a complete disease
remission or ultimately develop a disease recurrence.
To identify those patients who are not expected to be
cured by the combined modality comprised of a short
course of CHOP followed by radiation therapy, it is
necessary to detect the adverse prognostic factors in
patients with localized, aggressive NHL. If such pa-
tients could be identified at the time of diagnosis, they
might benefit from strategies other than conventional
chemotherapy. The results of the current study imply
that T/NK lymphoma patients who express MMP3
may be candidates for treatment strategies other than
conventional chemotherapy.

Nearly all patients with nasal NK/T-cell lym-
phoma expressed MMP9 {Table 2), Nasal NK/T-cell
lymphoma is highly associated with Epstein-Barr vi-
rus (EBV).2* In the current study, the majority of the
nasal NK/T-cell lymphoma patients were found to be
EBV positive by EBER1 in situ hybridization (Table 3).
The expression of MMPS has been shown to be en-
hanced by the EBV oncoprotein latent membrane pro-
tein 1 (LMP1}.2° LMP1 is considered the principal on-
coprotein of EBV and is essential for lymphocyte
immortalization.?® An in vitro study demonstrated
that transfection of an LMP] expression plasmid in-
creased MMP9 expression. However, LMP1 did not
induce MMP2 expression.?” LMP1 might be related to
the strong expression of MMP9 gbserved in nasal NK/
T-cell lymphoma.

The similar findings were demonstrated in naso-
pharyngeal carcinoma (NPC). NPC is a highly meta-
static carcinoma whose consistent association with
EBV has been established. Both LMP1 and MMPS9 pro-
teins were predominantly immunolocalized in NPC
tumor nests. The expression of MMP9 demonstrated a
significantly positive correlation with the expression
of LMPL. In addition, MMP9 expression was found to
be correlated with lymph node metastasis. The results
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of the current study suggest that the induction of
MMP9 by LMP1 contributes to the metastatic poten-
tial of NPC.2®

EBERI1 transcripts were detected in 11% of pa-
tients with DLBCL and 50% of patients with peripheral
T-cell lymphoma in the current study. These detection
rates were in agreement with those reported in the
study by Hamilton-Dutoit and Pallesen,®® In their
study, EBER] was detected in 8 of 115 Chinese pa-
tients with sporadic B-cell NHL (7%). In patients with
peripheral T-cell lymphoma, EBER]1 was reportedly
detected in 18 of 67 patients in Denmark (27%)?° and
in 24 of 37 patients in China (65%) in China.?® The
detection rates of DLBL and peripheral T-cell lym-
phoma were found to be much lower than those of
nasal NK/T-cell lymphoma. Detection rates of EBER1
transcripts in patients who expressed MMP9 were
similar to those in the total number of patients with
DLBCL and peripheral T-cell lymphoma (Table 3),
indicating that the correlation hetween the expression
of MMP9 and EBV infection might be weak,

Resistance to chemotherapy was common in pa-
tients with nasal NK/T-cell lymphoma. Cheung et al.
reported that of the 61 patients who were treated with
chemotherapy, 31 demonstrated disease progression
while receiving chemotherapy, 17 of whom developed
locoregional disease progression. They concluded that
the addition of anthracycline-containing chemother-
apy to radiation therapy does not appear to confer any
survival benefit in patients with Stage I disease.3' The
reasons for the resistance to chemotherapy are not
clear. The frequent expression of the multidrug resis-
tant phenotype (P-glycoprotein positive) may account
for a certain proportion,® but not all, of the failures
with chemotherapy. The use of P-glycoprotein/multi-
drug resistance (MDR)1 unrelated drugs (such as car-
boplatin), P-glycoprotein/MDR1 modulators (such as
cyclosporin A), and calcium channel blockers is one
possible way to improve the results obtained with
chemotherapy. It is reported that high-dose chemo-
therapy and autologous bone marrow rescue were
effective for the treatment of nasal NK/T-cell lym-
phoma,*** making it is another possibility for the
treatment of nasal NK/T-cell lymphoma patients with
& poor prognosis.

At the current time, the inhibition of the function
of MMPs is being pursued most actively for anticancer
therapy. Tissue inhibitors of metalloprotease were to
our knowledge the first compounds to be considered
for clinical development. However, the lack of effec-
tive methods of systemic gene delivery has limited the
clinical utility of this approach, whereas the develop-
ment of synthetic inhibitors of MMPs has been ac-
tively pursued and widely tested in clinical trials.®*

Inhibitors of MMPs fall into three pharmacologic cat-
egories: 1) collagen peptidomimetics and nonpeptido-
mimetics, 2) tetracycline derivatives, and 3) bisphos-
phonates. Some of these inhibitors currently are
undergoing clinical trials to establish whether any of
them are therapeutically useful.
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Background: External beam radiotherapy (XRAT) has been a standard treatment for clinically
localized prostate cancer. However, preservation of erectile function following XRT is contro-
versial. In this study, the influence of XRT on erectile function of patients with clinically organ-
confined or locally advanced prostate cancer was retrospectively evaluated.

Methods: The study included 34 of 84 patients with organ-confined or locally advanced pros-
tate cancer who underwent XRT between 1995 and 2002. Erectile function following radio-
therapy was assessed by a simple mailed questionnaire that was constructed for the study.
To determine the predictive factors for erectile dysfunction following radiotherapy, data were
analyzed by multivariate analysis with the Cox proportional hazards model.

Results: The modality of XRT was the only factor to independently predict erectile dysfunction
following XRT. The maintenance rates of erectile function were 47.6% at 1 year and 19% at 3
years in patients who received the 3-dimensional conformal radiotherapy, which were signifi-
cantly higher than in those who received conventional radiotherapy (P = 0.026).
Conclusions: XRT significantly reduced the maintenance rate of erectile function during the
follow-up period, with the rate being 19% at 3 years in patients who received 3-dimensional
conformal radiation. The XRT modality was involved in the reduction of erectile function. These
results suggest that erectile dysfunction is a possible adverse event following XRT.

Key words: external beam radiotherapy - erectile dysfunction — prostate cancer

INTRODUCTION

Radical prostatectomy and external beam radiotherapy (XRT)
are standard treatments for clinically localized prostate cancer
and they help in achieving favorable cancer control, However,
these treatments are not free of adverse events that may
decrease the quality of life (QOL) in such cancer patients.
Preservation of erectile function following XRT for prostate
cancer is controversial (1-8). Especially in Japanese men, the
influence of XRT on erectile function has not been investi-
gated, partly because their attitude toward sexual function is
somewhat different from that of American men (9) and partly
because only a small proportion of patients receive XRT for
prostate cancer,

The aim of this study is to clarify the impact of XRT on erec-
tile function and to determine predictive factors of erectile
dysfunction (ED} following the treatment,

For reprints and all correspondence: Taiji Tsukamoto, Department of Urclogy,
School of Medicine, Sapporo Medical University, S1W 16, Chuo-ku, Sapporo
060-8543, Japan. E-mail: taijit@sapmed.ac.jp

SUBJECTS AND METHODS

We evaluated 84 Japanese patients with clinically organ-con-
fined or locally invasive prostate cancer who underwent XRT
between August 1995 and June 2002. We assessed the erectile
function following XRT by a simple mailed questionnaire that
was especially developed for this study in July 2002 {see
Appendix). Questions 2 and 3 of this questionnaire were
designed to inquire about erectile function before XRT, and
questions 4 and 5, the onset of ED. To evaluate these aspects,
we modified the questions regarding frequency and rigidity in
our Japanese questionnaire that was previously validated (10).

During the study period, two patients died of prostate cancer
and three patients died of diseases other than prostate cancer.
Of the rematning 79 patients, only 72 (91.1%) responded to the
questionnaire. To assess the influence of XRT on erectile func-
tion, we excluded 38 patients from the study because of the
reasons listed below; therefore, only 34 were evaluable in the
study. Those excluded were five patients with neoadjuvant hor-
monal therapy, three with immediate adjuvant or concomitant
hormonal therapy, and 30 with ED before the treatment. In this
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270 ED following XRT for prostate cancer

study, ED was defined as the erection not being sufficiently
firm to penetrate, or it swelled but was not at all firm.

XRT was delivered to the prostate using the conventional
four-field box (anterior, posterior and right and left laterals)
technique and the 3-dimensional conformal technique (3-D
CRT). The total dose ranged from 65 to 66 Gy {median, 66.¢
Gy) in 24 to 30 fractions within 6 to 7.5 weeks in the conven-
tional technique, and 63 to 70 Gy (median, 70.0 Gy) in 33 to 35
fractions within 6.5 to 7 weeks in the conformal technique,
Conventional XRT was used in one institution, and 3-D CRT in
the other two institutions. At each institution, the treatment
modality for all patients who underwent XRT depended on the
institutions’ setting; therefore, radiologists could not choose
another modality.

To determine the predictive factors of ED following XRT,
data were analyzed by multivariate analysis with the Cox pro-
portional hazards model. The variables for this multivariate
analysis were determined according to previous reports (i1,
12). They included age (continuous), pretreatment prostate-
specific antigen (PSA) (<10 ng/ml versus 210 ng/ml), clinical
stage (T1 versus T2 and T3), XRT modality (conventional
XRT versus 3-D CRT), the Brinkmann Index (continuous),
alcohol intake (every day or frequently versus occasionally or
never), hypertension (yes versus no), diabetes (yes versus no),
and history of transurethral resection of the prostate (TURP)
(yes versus no). In this analysis, we used ‘T1 versus T2 and T3’
as the clinical stage variables because pathological overlap
between T2 and T3 clinical stages was more frequent than that
between T1 and T2. To assess the history of smoking, we used
the Brinkmann Index, which includes the number of cigarettes
smoked per day and duration (years) of smoking history,
although it does not distinguish between past smokers and cur-
rent smokers,

Pretreatment serum PSA concentrations were measured by
radioimmunoassay (Hybritech Inc., San Diego, CA). Clinical
stages were classified on the basis of TNM classification of the
American Joint Committee on Cancer (AJCC) (13).

We used Stat View 5.0 for Windows (SAS Institute, Cary,
NC) for the statistical analyses. The maintenance rate of erec-
tile function was determined by the Kaplan—Meier method, and
the log-rank test was used for statistical analysis. Mann—
Whitney I test was used for comparison of the questionnaire
scores and characteristics between the two groups. A P-value
of <0.05 was considered to be statistically significant.

RESULTS

The median age of the 34 patients in this study was 71 years
(range, 57-81 years), and the median follow-up period was 24
months (range, 1-85 months). More than 60% of the patients
had either a past history of TURP or current association of
hypertension or diabetes (Table 1). The pretreatment median
PSA level was widely distributed between the levels of 0.5 to
81.9 ng/mil, reflecting clinical stage distribution. Conventional
radiotherapy was administered to six patients and 3-D CRT to
28 patients. There were no major complications that required

Table 1. Clinical and pathological characteristics of the 34 patients

Patient characteristics No. of patients

Past history and associated diseases (%)

TURP 3 (3.8)
Hypertension 14 (41.2)
Diabetes 5 (14.7)
Smoking — current and previous smoker (%) 18 (52.9)
Median serum PSA; ng/ml {range) 13.1 (0.5-81.9)
Clinical stage (%)
Tlb 2 (5.9
Tle 10 (29.4)
T2a 11 (32.4)
T2b 5 (14.7)
T3a 6 (17.6)
Gleason sum; biopsy (%)
<6 15 (44.1)
7 10 (29.4)
8-10 3 (8.8)
Data not available (17.6)
Patients with PSA failure during follow-up (%) (20.6)
Radiation modality (%)
3-dimensional conformal radiotherapy 23 (52.9)
Conventional 6 (17.6)
Median radiation dose; Gy (range) 700 (65-70}

specific surgical or medical management during or after treat-
ment, Four patients (1; conventional, 3; 3-D CRT) experienced
mild diarrhea and eight (2; conventional, 6; 3-D XRT) experi-
enced a slight increase in urinary frequency as acute reactions,
All these complications were transient and did not compromise
the scheduled plan of radiotherapy. Seven patients had PSA
recurrence as defined by the American Society of Therapeutic
Radiology and Oncology (ASTRO) Consensus Panel (14).
Although they received hormone therapy after the recurrence,
their data on erectile function before the start of the therapy
were included in the study.

Before initiation of XRT for the 34 patients, 16 had erectile
function sufficiently firm to penetrate, while in 18 it was
almost sufficiently firm to penetrate, as evaluated by question 3
of the current questionnaire, Of the 28 patients who received 3-
D CRT, sufficient erectile function was observed in 13, and an
almost sufficient function in 15. Of the six patients with con-
ventional XRT, three had sufficient function and three did not.
The median ages were 72 years (range, 61-81 years) in the
conventional XRT group, and 71 years (range, 57—79 years) in
the 3-D CRT group. No difference in age distribution was
found between the two groups (P = 0.541; the Mann—Whitney
U test). However, the median follow-up periods were signifi-
cantly different: 39.6 months (range, 25.2-86.4 months) for
conventional XRT and 18.1 months (range, 1,0-60.2 months)
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Table 2. Factors involved in erectile dysfunction following radiotherapy

Variables Odds ratio 95% CI P value
Age 0.99 0.91-1.09 0.89
Pretreatment PSA 041 0,14-1.18 0.10
Clinical stage 1.44 0.39-5.26 0.58
Radiation modality 370 1.07-12.83 0.04
Brinkmann index 1.00 1.00-1.001 0.40
Alcohol intake 2.78 0.53-14.52 0.22
Hypertension 1.02 0.36-2.93 0.97
Diabetes 2.30 0.46-11.52 031
TURP 0.76 0.10-6.0 0.79

for the 3-D CRT group (P = 0.010, Mann—-Whitney U test).
Although most patients with ED following XRT responded to
questions 4 and 3, four patients did not respond. In this situa-
tion, we arbitrarily determined that ED started at the time of the
current study to avoid a bias toward a worse maintenance rate.

Multivariate analysis with the Cox proportional hazards
model revealed that the modality of radiation was the only pre-
dictive factor for ED after XRT, with a statistically significant
odds ratio of 3.7 (Table 2). When patients were divided into
two groups, conventional XRT and 3-D CRT, those who
received 3-D CRT had a significantly higher maintenance rate
of erectile function than those with conventional XRT (Fig. 1).
The estimated maintenance rates of the function were 0% at 1
year in the conventional XRT group, and 47.6% at 1 year and
19.0% at 3 years in the 3-D CRT group.

DISCUSSION

The preservation rate of erectile function varies widely from 1
to 63% at 3 years following XRT (1-7). The wide range can be
attributed to the differences in the definition of ED, pretreat-
ment erectile function and modality of XRT across the studies.
As for the definition of ED, the Naticnal Institutes of Health
(NIH) consensus on ED defined impotence as the consistent
inability to attain and maintain a penile erection sufficient to
permit satisfactory sexual intercourse (15). In this study, we
focused on patients who had normal erectile function sufficient
to penetrate, as defined by the NIH, at the onset of XRT treat-
ment, and assessed its function over time after the treatment.
Thus, more than half of the cases were excluded in order to
assess the direct impact of the radiotherapy on normal erectile
function.

In the study by Goldstein et al. (16) that assessed the causes
of ED following XRT, color-Doppler ultrasonography indi-
cated abnormal vascularity in all patients with ED while hor-
mone levels and neurological tests were normal. Moreover,
selective pudendal arteriography performed on two patients
revealed bilateral narrowing of the internal iliac arteries, and
tortuosities and occlusions of the internal pudendal and penile
arteries. Merlin et al, (17) have also reported that ED following
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Figure 1. Maintenance of erectile function following radiotherapy. Log-rank
test: P = 0.026; 3-D CRT: 3-dimensional conformal radiotherapy; Conven-
tional: conventional radiotherapy; ( ): patients at risk,

XRT is arteriogenic because radiation damages the wall and
endothelium of the bloed vessels.

Another aspect of XRT, which supports the idea that ED
following XRT is vasculogenic, is the efficacy of sildenafil.
Sildenafil is effective for vasculogenic ED rather than neuro-
genic ED. Its efficacy in ED following XRT is reported to be
as high as 71 to 77% (18-20).

Our study revealed that the modality of XRT was the only
predictive factor of ED following XRT. Inevitable exposure of
tissues surrounding the prostate to radiation may produce an
unfavorable effect on erectile function. Indeed, the modality of
XRT has been reported to affect preservation of erectile func-
tion. The preservation rate for conventional XRT was as low as
that of radical prostatectomy (5). A 3-D CRT showed a favora-
ble outcome of erectile function in 100% of patients at 1 year
and 63% of the patients at 3 years following XRT (4). A com-
parative study between conventional XRT and 3-D CRT with
the same questionnaire showed that preservation of erectile
function was higher in 3-D CRT than in the conventional
therapy (3), which is similar to the result of our study. These
results also suggest that 3-D CRT possibly contributes to a
better outcome of erectile function because critical structures
receive low radiation exposure. However, even 3-D CRT may
not guarantee complete preservation of the function because
approximately 43% of the total dose for the prostate is deliv-
ered to the cavernosum (21),

The estimated maintenance rate of erectile function follow-
ing XRT in the current study appeared to be lower than that of
previous reports (1-7). This rate might have been affected by
the patients’ background such as the presence of hypertension,
diabetes, history of TURP and higher age that may have possi-
bly influenced the baseline erectile function, Hypertension and
diabetes are well known as risk factors of ED. Furthermore,
patients with previous TURP were more likely to become
impotent after radiotherapy (22). The impact of aging might
not be negligible in erectile function, which is suggested in the
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Massachusetts Male Aging Study (23). However, the results of
the present study suggest that the influence of aging led to
approximately 1% increase in ED over 3 years. Thus, even
though our study population was old, the impact of aging on
erectile function was minimal during the 3-year follow-up
period.

Japanese elderly men were found to differ with regard to
QOL in a community-based study comparing Japan and United
States (9). They might have less interest in their sexual life, and
ED did not contribute to deterioration of the QOL (24). This
can be possibly attributed to the difference in culture and
customs between Japan and Western countries. Thus, elderly
Japanese men might not seek ED treatment aggressively even
if they have ED. Therefore, in this study group, very few ED
patients following XRT sought highly effective oral medicine.

The current study has some limitations, The study is retro-
spective and used a mailed questionnaire that depended on the
patient’s memory concerning erectile function before and after
treatment. The questionnaire used in this study has only been
partially validated. We developed a new questionnaire for this
study for the purpose of assessing the subjective quality of
erectile function regardless of sexual activity, and the onset of
ED. The different outcomes between 3-D CRT and conven-
tional XRT might be influenced by confounding variables
among institutions. However, in the two institutions where 3-D
CRT was used for treatment, there was no statistically signifi-

cant difference in the maintenance rates of erectile function -

following XRT.

Another limitation of this study is the small number of
patients who received conventional XRT and the significantly
different follow-up period compared to those with 3-D CRT,
The difference in the follow-up period might have influenced
the outcomes of patients, Recently, 3-D CRT has become a
mainstream modality of administering XRT for localized pros-
tate cancer. Thus, a large-scale prospective trial is crucial to
draw a definitive conclusion for ED following well-designed
3-D CRT using a validated questionnaire.

CONCLUSION

The only predictive factor of ED following XRT was the
modality of XRT. However, even patients who received 3-D
CRT achieved only a 19% preservation rate for erectile func-
tion at 3 years following XRT, This study suggests that XRT
does not always guarantee preservation of erectile function.

Appendix

QUESTIONS FOR ERECTILE FUNCTION

1. How often did you have sexual intercourse before initiating
radiotherapy?

Never
Less than once a month
Once or twice a month

Once or twice a week
More than three times a week

2. How aoften did you notice your erection regardless of sexual
activity before initiating radiotherapy?

Never

Less than once a month

Once or twice a month

Once or twice a week

More than three times a week

3. How firm was your erection? (except for the persons who
answered never in question 2)

Swollen but not firm at all

Insufficient to penetrate

Sufficient to penetrate but not satisfactory
Sufficient to penetrate satisfactorily

4. When did you notice that your erection was not firm enough
after initiating radiotherapy?

5. When was your erection insufficient to penetrate after
initiating radiotherapy?

QUESTION FOR QOL

6. How do you feel about your current erectile ﬁmcnon
condition lasting for the rest of your life?

VYery dissatisfied
Rather dissatisfied
Slightly dissatisfied
Satisfied

Rather satisfied
Very satisfied
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CLINICAL INVESTIGATION Head and Neck

A MULTI-INSTITUTIONAL RETROSPECTIVE ANALYSIS OF EXTERNAL
RADIOTHERAPY FOR MUCOSAL MELANOMA OF THE HEAD AND NECK
IN NORTHERN JAPAN
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Masato HAREYAaMA, M.I).,* HirosHl YosHIDA, M.D.,* Axio TakaMUra, M.D.,*
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*Northern Japanese Radiation Therapy Oncology Group, and Department of Radiology, Yamagata City Hospital, Yamagata, Japan

Purpose: A multi-institutional retrospective study was performed in northern Japan to analyze the outcome of
external radiotherapy as the definitive treatment modality for localized mucosal melanoma of the head and neck.
Patients and Methods: Thirty-one patients with localized mucosal melanoma of the head and neck treated by
external radiotherapy at nine institutions of the Northern Japan Radiation Therapy Oncology Group between
1980 and 1999 were enrolled in this study. Radiotherapy alone was performed in 21 patients, and the remaining
10 patients received postoperative radiotherapy for gross residual tumors. The fraction size of radiotherapy
varied from 1.5-13.8 Gy, with the total dose ranging from 32-64 Gy (median, 50 Gy). The follow-up periods
ranged from 1-214 months (median, 16 months).

Results: Complete or partial responses were observed in 9 patients (29%) and 18 patients (58%), respectively.
Local recurrence occurred in 13 patients (41.9%) and distant metastasis occurred in 11 patients (35.5%). Maost
incidences of local recurrence and distant metastasis developed within 2 years after the initial treatment. Overall
cause-specific survival rates of patients at 1 and 3 years were 73% and 33%, respectively. Univariate analysis
showed that high dose per fractionated radiotherapy doses (=3 Gy) was associated with better prognosis for both
local control (p = 0.048) and survival (p = 0.045). Multivariate analysis indicated that age (better prognosis in
Younger patients, p = 0.046) was the only significant factor. Radiotherapy for gross residual lesions after surgery
did not seem to impact the significant gain of Iocal control and survival. We observed two fatal late complications
of mucosal ulcer and bleeding in the high dose per fractionated radiotherapy group.

Conclusion: Radiotherapy at a dose of 3 Gy or more per fraction was effective in gaining local control in patients
with Tocalized mucosal melanoma of the head and neck, and subsequently better survival was possible, especially
in younger patients. © 2004 Elsevier Inc.

Mucosal melanoma, Head and neck, Radiotherapy, Fractionation, Age.
INTRODUCTION tionated radiotherapy (HF-RT), but the numbers of patients
in these studies were small, Therefore, the significance of
HF-RT as a primary treatment modality is still investigative.
This multi-institutional retrospective study was per-
formed to analyze the outcome of external radiotherapy as a
definitive treatment modality for localized mucosal mela-
noma of the head and neck.

Mucosal melanoma of the head and neck is a rare lesion
worldwide, although it is relatively common in Japan (1).
This discase is often fatal because of its high rate of local
failure and frequent appearance of distant metastasis. Many
clinicians have concluded that surgery offers the best
chance for local control of localized mucosal melanoma of
the head and neck (2-11), with radiotherapy playing a small

role in managing these cases because the lesions are gener- PATIENTS AND METHODS

ally radioresistant (2, 4, 9—12). However, radiotherapy is a
less invasive modality for patients for whom surgery would
result in cosmetic or functional deformities. Some authors
(13-15) reported good local control of localized mucosal
melanoma of the head and neck with high-dose per frac-

A total of 66 patients with localized mucosal melanoma
of the head and neck from nine institutions belonging to the
Northern Japan Radiation Therapy Oncology Group be-
tween 1980 and 1999 were included in the present study.
Thirty-one patients treated by radiotherapy were grouped as
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Table 1. Patient and treatment characteristics

Characteristic n
Sex (male/fernale) ~ 1219
Age (years) (median/range) 69/39-86
Primary site (NC/PS/others) 16/7/8
Stage (VLTI 27/4/0
Dose per fraction (1.2-2.5 Gy/3~13.8 Gy) 14/17
Operation (no/yes) 21/10
Chemotherapy (no/yes} 19/12
Immunotherapy (no/yes) 20/11

Abbreviations: NC = nasal cavity; PS = paranasal sinus.

follows: 21 patients with definitive radiotherapy alone, and
10 patients with postoperative radiotherapy for macroscopic
residual tumors.

Table 1 lists patient and treatment characteristics, The
major primary site was the nasal cavity, and the second most
common site was the paranasal sinus. Other sites were as
follows: the hard palate (3 cases), the nasopharynx (1 case),
the mesopharynx (1 case), the middle ear (1 case), the upper
gingiva (1 case), and the orbit (1 case). We adopted the most
common staging scheme (7, 14-15): Stage I, primary lo-
calized lesion (27 patients, 87.1%); Stage II, cervical nodal
metastasis (4 patients, 12.9%); Stage III, distant metastasis
(no cases). Unfortunately, we could not estimate the tumor
status, e.g., tumor size, precisely in some of the primary
lesions. All patients had the World Health Organization
performance status between 0 and 2.

Twenty-four patients received radiotherapy with 4-10
megavoltage linac X-rays, and 7 received radiotherapy with
0Co. Primary tumor and gross cervical lymph node metas-
tases were principally included in the treatment field. A
clinical target volume plus 5-mm margin or more was
mainly used in treating primary tumors and gross cervical
lymph node metastases. The dose per fraction of radiother-
apy varied from 1.5-13.8 Gy. In this analysis, we defined a
dose of 3 Gy or more as high-dose per fractionated radio-
therapy (HF-RT; 17 patients), and a dose of 1.5-2,5 Gy as
low-dose per fractionated radiotherapy (LF-RT; 14 pa-
tients). Four patients treated with the accelerated hyperfrac-
tionation radiotherapy protocol (1.5-1.8 Gy per fraction,
twice daily) were included in the LF-RT group. Total doses
to cach isocenter ranged from 32~64 Gy (median, 50 Gy).
To facilitate comparison between different fractionation
schedules, we referred to the biologically equivalent dose
(BED) using a linear-quadratic model (16). The BED is
defined as

d

nd (1 + _af_,B
in Gy, where # is the fractionation number and d is the daily
dose. We used the o/ ratio of 2.5 Gy for malignant mel-
anomas advocated by Overgaard et al. (17). The BED
ranged from 72-358.6 Gy (median, 118.8 Gy). Radiother-
apy was principally performed 5 times per week, but some
patients in the HF-RT group received treatment 2-3 times
per week. Of the 10 patients in the postoperative radiother-
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Fig. 1. Local tumor control and distant metastasis-free survival of
all patients. The local 1-year and 3-year tumor control rates were
61% and 30%, respectively. The 1-year and 3-year distant metas-
tasis-free survival rates were 70% and 56%, respectively. The
circles and ticks indicate censored cases.

apy group, 9 (90%) received LF-RT, Twelve patients re-
ceived chemotherapy; 75% of these patients received com-
bination therapy with dacarbazine, nimustine hydrochloride,
and vincristine sulfate. Eleven patients received immuno-
therapy.

The period of follow-up afier radiotherapy ranged from
1-214 months (median, 16 months). The last follow-up was
in July 2000. We calculated survival periods from the start
of radiotherapy or operation as the first treatment. The
survival curve was calculated with the Kaplan-Meier algo-
rithm, and the log-rank test was used to assess the statistical
significance of differences. Univariate analysis of the fac-
tors correlating with local tumor control was performed, and
cause-specific survival was estimated. Cox's regression
analysis was used for multivariate analysis.
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Fig. 2. Cause-specific survival of all patients.
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