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A PROSPECTIVE STUDY OF REDUCED-DOSE THREE-COURSE CHOP
FOLLOWED BY INVOLVED-FIELD RADIOTHERAPY FOR PATIENTS
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Purpose: We conducted a multicenter prospective study to evaluate the efficacy and safety of reduced-dose
three-course CHOP (cyclophosphamide, doxorubicin, vincristine, and prednisolone) followed by involved-field
radiotherapy for elderly patients with localized aggressive non-Hodgkin’s lymphoma. The primary endpoint was
compliance with the combined modality.

-Methods and Materials: This study included untreated patients, =70 years old, with diffuse aggressive lym-
phoma, Stage A or contiguous nonbulky Stage ITA. 80%-CHOP (cyclophosphamide 600 mg/m?, doxorubicin
40 mg/m?, vincristine 1.1 mg/m?, and prednisolone at 80 mg/day for 5 days) was repeated every 3 weeks. After
three cycles of chemotherapy, involved-field radiotherapy was performed with a radiation dose of 30-50 Gy in
15-28 fractions. - : :

Results: Twenty-four patients with a median age of 75 years (range, 70-84 years) were enrolled. The compliance
rate of the protocol study was 87.5% (95% confidence interval [CI], 67.6-97.3). Three patients received only two
cycles of chemotherapy because of toxicity or second neoplasm. There were no deaths caused by severe toxicity.
The 3-year progression-free and overall survival rates were 83.1% (95% CI, 75.4-90.8) and 82.9% (95% CI,
75.1-90.6), respectively. '

Conclusion: Three-course §0%-CHOP followed by involved-field radiotherapy may be safe for administration to
elderly patients over 70 years old. The next step is to evaluate three-course 80%-CHOP and rituximab followed

by radiotherapy in elderly patients with localized disease. © 2006 Elsevier Inc.

Aggressive lymphoma, Chemotherapy, Elderly patients, Dose-intensity, Radiotherapy.

INTRODUCTION

Increased age at diagnosis is a poor prognostic indicator
in aggressive non-Hodgkin’s lymphoma (NHL) (1). Sev-
eral factors may contribute to the differences in outcome
.. between younger and elderly patients with NHL: (1) differ-
ences in disease ‘biology, (2) poor compliance rate of
treatment due to co-morbid illness or poor host organ

tolerance, and (3) administration of less intensive che-
motherapy (2). Some investigators reported that elderly
patients with NHL, who had a good performance status and
minimal co-morbid illness, can tolerate full-dose chemo-
therapy without increased toxicity (3—6). However, Tirelli
et al. reported that 8 (11%) of 71 elderly patients over 70
years old (median, 77 years), who underwent aggressive
treatment' including combination chemotherapy regimens
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with three or more drugs or extended field radiotherapy,
died as a result of treatment-related toxicity (7). Balducci
and Lyman emphasized that patients over 70 years old are at
high risk for neutropenic infection (8). Lyman et al. con-
ducted a nationwide survey in the United States and col-
lected data for 4522 patients with NHL from 567 oncology
practices. Their results indicated that a greater proportion of
elderly patients over 60 years old received a relative dose-
intensity (RDI) of less than 85% during the first five cycles
of chemotherapy (9). These findings suggested that physi-
cians may modify the dose of chemotherapy. according to
patient’s age and other clinical factors.
The Southwest Oncology Group (SWOG) conducted a
prospective randomized clinical trial to assess the effective-
ness of short-course CHOP (cyclophosphamide, doxorubi-
cin, vincristine, and prednisolone).followed by involved-
field radiotherapy in comparison with eight-course CHOP in
patients with localized NHL (10). Three-cycle CHOP fol-
lowed by involved-field radiotherapy is considered the stan-
dard method of care for patients with localized aggressive
disease (11, 12). On the other hand, Gomez et al. retrospec-
tively analyzed the outcomes of 267 consecutive elderly
patients (median age, 70 years; range, 60 to 94 years)
- treated with CHOP. They reported that 63% of treatment-

related deaths occurred after the first cycle of chemotherapy,
- and infection accounted for 82% of the toxicity-related
deaths (4). This suggests that careful management of elderly
patients should be taken into consideration, even in cases
treated with short-course chemotherapy.

We conducted a multicenter prospective study to evaluate
the efficacy and safety of reduced-dose short-course CHOP
followed by involved-field radiotherapy in elderly patients
over 70 years old with localized disease.

METHODS AND MATERIALS

Patients
Elderly patients aged 70 years old or more with localized diffuse
aggressive lymphoma were recruited from December 2000. His-
tologic diagnoses were made according to the REAL (revised
European-American classification of Jymphoid neoplasms) classi-
fication or the Working Formulation (13). The localized diseases
included in the present study were Stage IA or contiguous non-
bulky Stage ITA. Patients with more than two extranodal diseases
were excluded from the study. Eligibility criteria for inclusion in
the study were as follows: good performance status (0—2) accord-
ing to the Eastern Cooperative Oncology Group; elevated serum
lactate dehydrogenase less than 150% of the upper limit of the
institutional normal range; no co-morbidity with other serious
. medical conditions, including severe ischemic heart disease and
cardiomyopathy. Patients were excluded from the trial if they had
a history of active cancer during the previous 5 years, positive
serology for human immunodeficiency virus, or the presence of
hepatitis B (HB) antigen or anti-hepatitis C virus (anti-HCV)
antibody, or central nervous system, testis, stomach, or spleen
involvement.
No prior chemotherapy or radiotherapy . was allowed before
entry into the study. All patients were required to have sufficient
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hematologic, renal, and hepatic functions. Minimal staging proce-
dures included clinical examination; chest radiography; gallium
scintigraphy; computed tomography of the neck, chest, abdomen,
and pelvis; bone marrow biopsy; and blood studies.

This study complied fully with all provisions of the Declaration
of Helsinki. All participating hospitals obtained the permission of
the institutional review board, and all patients gave their written
informed consent before entry into the study.

Treatment .
Reduced-dose chemotherapy (80%-dose CHOP) included cy-
clophosphamide at 600 mg/m? (Day 1), doxorubicin at 40 mg/m?

" (Day 1), vincristine at 1.1 mg/m* (Day 1), and oral prednisolone at

80 mg/day (Days 1-5). Chemotherapy was repeated at 21-day
intervals. If a patient developed Grade 4 neutropenia or febrile
neutropenia, all subsequent cycles were administered with granu-
locyte colony-stimulating factor (G-CSF) support. If febrile neu-
tropenia developed with infection, the dose of cyclophosphamide
was decreased by 150 mg/m?® and that of doxorubicin was de-
creased by 10 mg/m? for all subsequent cycles. Chemotherapy was
discontinued in cases in which Grade 4 neutropenia persisted. If a
patient developed Grade 3 or 4 thrombocytopenia, the dose of
cyclophosphamide was decreased by 150 mg/m? and that of doxo-
rubicin was decreased by 10 mg/m® for all subsequent cycles.
Chemotherapy was discontinued in cases in which Grade 3or4
thrombocytopenia persisted.

Involved-field radiotherapy was performed after three cycles of
chemotherapy. The involved-field was defined as the regional area
including the primary lesion and involved nodes determined by
prechemotherapy evaluations and adjacent uninvolved nodes. The
radiation dose was 30-30.6 Gy given in 15-20 fractions over 3—4
weeks for patients 'who achieved complete remission (CR), and
40-50 Gy in 20-28 fractions over 4-6 weeks for those who did not
achieve CR. Response was assessed using the standard criteria (14).

No central pathologic review was performed in this study.

Follow-up

Response to chemotherapy was evaluated after three cycles of
CHOP, or after discontinuation of the planned treatment, There-
after, clinical examination was performed every 6 months for the
first 5 years, and then at the discretion of the attending physician.
A neck, chest, and abdominal computed tomographic scan was
performed after 6 months, and then every 6 months during the first
5 years. .

Outcome measures

The primary endpoint was compliance with the combined mo-
dality therapy. Completion of the study protocol was defined as
completion of three cycles of chemotherapy and planned radiation
therapy. The events were defined as going off-protocol, a 5-week
delay of administration of chemotherapy, disease progression or
relapse, or death due to any cause. Calculation of compliance with
the protocol was performed among all registered patients. The
secondary endpoints included progression-free survival, overall
survival, and toxicity. Progression-free survival was calculated
using disease progression or death due to any cause as an event,
and overall survival was calculated using death due to any cause as
an event. Toxicity was assessed using the National Cancer Institute
Common Toxicity Criteria grading system version 2.0. Tumor
responses were classified as CR, CRu (CR unconfirmed), partial
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remission, stable disease, or progressive disease according to the
proposed International Workshop criteria (14).

Statistical analysis

Sample size was calculated on the basis of the primary endpoint.
Based on various results obtained in previous studies with CHOP
chemotherapy in this patient population, compliance with this
protocol ‘was assumed conservatively to be 90%, and the lower
limit of compliance was assumed to be 70% (7, 12, 15-17). To
confirm the rate of compliance with this protocol, it was calculated
that 30 patients recruited over the 3 years of the study would be
required to provide 80% power at the overall 5% (alpha = 0.05, 2
sides) significance level.

The progression-free survival and overall survival rate were
calculated using the Kaplan-Meier method. Analyses of efficacy
and safety included all patients. Statistical analyses were per-
. formed with JMP software version 5.0.1 (SAS Institute Inc., Cary,
NC) by our trial office.

RESULTS

Compliance with the study protocol

The median follow-up period was 38 months (range,
2-55 months). The compliance rate with the study protocol
was 87.5% (95% CI [confidence interval], 67.6-97.3). The
lower limit of 95% CI was slightly below 70%, which was
the threshold value defined before the study. The study
protocol was not completed in 3 patients who received only
two cycles of chemotherapy. The physician stopped treat-
ment using the protocol in 1 patient, and another patient
refused administration of the third round of chemotherapy.
In addition, they received radiotherapy after going off-
protocol. Another 1 patient developed pancreatic cancer
during chemotherapy, and the protocol.was stopped. In 6
patients, the administration of chemotherapy was delayed
owing to hematologic toxicity, and the median interruption
of chemotherapy was 2 days (range, 1-14 days). The dose
of chemotherapy was reduced because of hematologic tox-
icity in 1 patient who was 84 years old and had Stage U
disease.

Patient characteristics and response to tredtment

The number of patients enrolled in the study did not
increase after permission was granted for administration of
rituximab (Rituxan; Roche, Basel, Switzerland) in Japan in
September 2003. We stopped this protocol in February
2004. Twenty-four patients were enrolled from eight Japa-
nese institutions between December 2000 and February
2004. The initial characteristics of all.24 patients are sum-
marized in Table 1. The median age was 75 years (range,
70—84 years), and 4 patients (16%) were over 80 years old.
Response rates after chemotherapy were 50% (12 patients)
for CR, 25% (6 patients) for CRu, and 20% (5 patients) for
partial remission or stable disease. Treatment response was
not evaluated in 1 patient (4%) who developed pancreatic
cancer during chemotherapy and died before evaluation of
his response. Response rates after combined treatment were

Table 1. Patient characteristics

Characteristics No. of patients (%)

Age, years

Median 75

Range 70-84

70-75 15 (62)

=76 9(38)
Gender

Male 13 (54)

Female 11 (46)
Performance status (ECOG)

0 18 (75)

1 6(235)
Location :

Waldeyer’s ring 11 (46)

Neck node 6 (25)

Maxillary sinus 3(13)

Thyroid 2(8)

Parotid gland 14

Paravertebral area 14
Stage

I 16 (67)

I . 8(33)
Lactate dehydrogenase

=ULN 20 (83)

>ULN, <1.5 X ULN 4(17).
Stage-modified International Prognostic .

Index*

1 - 14 (59)

2 8 (33)

3 2(8)
Tumor size .

<6 cm 19 (79)

6cm <10 cm 417

=10 cm : 14

Abbreviations: ECOG = Eastern Cooperative Oncology Group;
ULN = upper limit of the institutional normal range.

* Stage-modified International Prognostic Index; Age (=60 vs.
>60), stage (I vs. IT), serum lactate dehydrogenase (normal vs.
increased), performance status (0—1 vs. 2).

67% (16 patients) for CR, 21% (5 patients) for CRu, and 8%
(2 patients) for partial remission. A

" Progression-free and overall survival rates

The 3-year progression-free and overall survival rates
were 83.1% (95% ClI, 75.4-90.8) and 82.9% (95% CI,
75.1-90.6), respectively (Fig. 1). The 3-year progression-
free and overall survival rates according to stage-modified
International Prognostic Index score were 78.7% and 77.9%
for score 1, 87.5% and 87.5% for score 2, and 100% and
100% for score 3, respectively. To date, no recurrence in the
radiation field has been found. Four patients developed
relapse at distant sites: lung, bone marrow, liver, kidney,
heart, adrenal gland, and abdominal lymph nodes.

Toxicity

During chemotherapy, severe hematologic toxicity (Grade
3-4) occurred in 23 patients, and severe nonhematologic
toxicity (Grade 3-4) occurred in 3 (diabetes mellitus in 2
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Fig. 1. Overall and progression-free survival curves of all 24.

patients, _

patients, pneumonia in 1) (Table 2). Only 1 patient experi-
enced severe hematologic toxicity (Grade 4), and no pa-
tients developed symptoms of heart failuré. During radio-
therapy, -severe hematologic toxicity (Grade 3) occurred in
1 patient, and nonhematologic severe toxicity (Grade 3)
occurred in 1 (mucositis). In 2 patients, radiotherapy was
- interrupted for 10 and- 11 days, respectively, because of
radiation-induced mucositis. None of the patients died as a
result of treatment-related toxicity.

DISCUSSION

Cyclophosphamide, doxorubicin, vincristine, and pred-
nisolone is the standard regimen for treatment of patients
with aggressive NHL (2, 18). Kouroukis ef al. conducted a
systematic review with regard to chemotherapy in elderly
patients with advanced-stage aggressive NHL. This system-
atic review demonstrated that anthracycline-containing reg-
imens, such as CHOP or CTVP (cyclophosphamide, pira-

Volume 66, Number 1, 2006

rubicin, vincristine, and prednisolone), improved overall
survival as compared with other regimens without anthra-
cycline (2). Tirelli et al. performed a randomized trial to
compare the efficacy of the CHOP regimen with that of
VMP (etoposide, mitoxantrone, and prednimustine) for el-
derly patients over 70 years old, and showed that the overall

-survival rate was 30% with VMP vs. 65% with CHOP (p =

0.004) (18). The Dutch-Belgian Hemato-Oncology Cooper-
ative Group conducted a randomized trial to evaluate the
use of G-CSF for elderly patients over 65 years old (17).

. This study demonstratéd that the addition of G-CSF im-

proved the RDI of chemotherapy, but had no effect on
overall survival. The rate of protocol completion of CHOP
or G-CSF was approximately 70%, and patients older than
80. years completed significantly fewer treatments as com-
pared with younger patients as a result of toxicity, refusal,
or death (43% vs. 80%; p < 0.001). In addition, G-CSF did
not prevent serious infections. Compared with this result,
the rate of protocol completion in the present study was not
unsatisfactory. Recently, the addition of rituximab, which is
a chimeric human/murine immunoglobulin G1 monoclonal
antibody that binds specifically to the B-cell-surface antigen
CD20, to the full-course CHOP regimen was shown to
improve treatment outcome in patients with advanced dis-
ease (19, 20). However, the rolé of rituximab has not been
clarified in patients with localized disease. The present
study was conducted before permission for use of rituximab
for diffuse large B-cell lymphoma was granted in J. apan, and
we applied the CHOP regimen in the present study. In
comparison with Western series, patients with nodal disease
were less frequent in this study. However, these observa-
tions agreed well with our previous nationwide survey
among Japanese radiation oncologists (15).

Recent prospective studies demonstrated the safety of
the three-weekly full-dose CHOP regimen and two-
weekly CHOP regimen for elderly patients older than 60
years (19, 21). However, there is controversy. regarding

Table 2. Toxicity in the chemotherapy phase and radiotherapy phase

Chemotherapy (n = 24)

Radiotherapy (n = 21)*

Grade Grade

0 1 2 3 4 0 1 2 3 4
White blood cell 0 1 0 22 1 15 4 1 1 0
Hemoglobin 7 14 3 0 0 12 9 0 0 0
Platelet 17 6 0 1 0 19 2 0 0 0
Emesis 16 8 o] 0 0 18 3 0 0 0
Mucositis 22 1 1 -0 0 2 13 5 1 0
Pnuemonitis 22 0 1 1 0 20 1 0 0 0
Fever 21 1 1 1 0 — — — —_— —
Liver dysfunction 22 .2 0 0 0 — — — — —
Renal dysfunction 24 0 0 0 0 — _ . e —
Peripheral neuropathy 17 77 0 0 0 20 1 0 0 0
Diabetes mellitus 21 0 1 2 0 —_ — — —_— —_

* Three patients were off-protdcol.
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the standard care for elderly patients over 75 years of age.
Epelbaum et al. reported a 5-year survival rate of 80% in
patients treated with =70% RDI of CHOP in their first cycle
of chemotherapy and a 5-year survival rate of only 32% in
those receiving =70% (p = 0.0001) (22). Kwak et al
retrospectively analyzed 115 patients treated with CHOP or
other anthracycline-containing regimens, and emphasized
the actual RDI of doxorubicin =75% as the single most
important predictor of survival (23).-Lee et al. reported that
elderly patients who received doxorubicin at doses of
=10 mg/m® per week had treatment outcomes that were
comparable to those of young patients, and showed that
in elderly patients the dose intensity of doxorubicin was
a more important prognostic factor than the mean RDI of
each agent (6).

The Eastern Cooperative Oncology Group conducted a
randomized trial to compare low-dose (30 Gy) radiotherapy
with observations in patients with localized disease achiev-
ing CR after eight-cycle CHOP (24). This study demon-
strated that for patients in CR after CHOP, low-dose radio-
therapy prolonged disease-free survival and provided:-local
control, but no survival benefit was observed. Thirty-one
percent of the patients in this study had bulky disease, and
" it was not possible to evaluate the role of radiotherapy for
patients with localized disease. The Groupe d’Etude des
Lymphomes de 1’ Adulte (GELA) conducted a prospective
randomized trial to evaluate the role of consolidated radio-
therapy for elderly patients over 60 years old who were
treated with four-cycle CHOP (25). Bulky disease was
observed in 9% of patients, and extranodal disease in 57%.
The event-free survival and overall survival were not sig-
nificantly different between the chemotherapy-alone and the
combination therapy groups. The criticism of this trial was
that for patients with bulky disease four cycles of CHOP
were not only effective at eliminating microscopic sites of

disease (26). Therefore, we could not reach definitive con-
clusions regarding the role of radiotherapy for localized
disease.

The clinical outcome after short-course CHOP followed

by involved-field radiotherapy is excellent for patients with

localized disease and no adverse factors (10). However, this
combined therapy is not satisfactory for patients with poor
prognostic factors, such as bulky tumors or advanced age.
We should establish more effective combined therapy for
patients with localized disease and poor prognostic factors.
The addition of rituximab improved the treatment outcome
for elderly patients with aggressive disease with CD20, but
did not increase the toxicity (19, 20). A GELA study, which
included Stage II-IV disease, demonstrated that rituximab
was more effective for patients at low risk than for those at
high risk (19). However, it has not yet been established
whether the addition of rituximab produces survival benefit
for patients with localized disease. A phase II study (SWOG
0014) was conducted to evaluate the efficacy and safety
of four-course rituximab plus three-course CHOP fol-
lowed by radiotherapy for patients with localized disease
(27). The treatment outcome was excellent, and 2-year
overall and progression-free survival rates were 95% and
94%, respectively. A prospective randomized trial is cur-
rently in progress to compare short-course CHOP followed
by radiotherapy with this combined therapy with rituximab.

Combined modality therapy with reduced-dose CHOP
and involved-field radiotherapy may be safe for administra-
tion to elderly patients aged 70 years old or more, with good
performance status and minimal co-morbid illness, with
Stage I or nonbulky Stage II disease. The next step is to
evaluate combined therapy, including reduced-dose CHOP
and radiotherapy plus rituximab for elderly patients 70 years
of age or more.
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Background: Three prospective randomized clinical trials (RCT) in the 1990s demonstrated
the survival benefit of postmastectomy radiotherapy (PMRT) for patients with locally advanced
breast cancer. The present study was performed to evaluate whether the Patterns of Care Study
(PCS) fulfills a role in monitoring the patterns of changes in clinical practices in Japan.
Methods: The first survey (JPCS-1) involved 79 Japanese facilities by two-stage cluster sampl-
ing of facilities and patients, and was carried out during 1998-2000. JPCS-1 included 1124
patients with breast cancer who were treated between 1995 and 1997. The second survey
(JPCS-2) was carried out during 20012003, involving 827 patients who were treated between
1899 and 2001 in 76 facilities. , , »

" Results: Patients with adverse risk factors, including pathologically axillary positive nodes
(=4) and/or advanced primary disease (pT3-4) accounted for 57% of the patients who received
PMRT in JPCS-1 and 72% of those in JPCS-2 (P = 0.039). The multiple radiotherapy target
volume including the chest wall and regional lymph nodes was applied in 18% of the patients
'in JPCS-1 and 44% of those in JPCS-2 (P < 0.001). However, the dose distribution was calcu-
lated in only 42% of the patients in both surveys (P = 0.467). :
Conclusions: The eligibility and the target volume for PMRT were influenced by the outcome of
RCT, but the quality of radiotherapy did not improve sufficiently. The PCS survey is useful to
monitor the changes in patterns of clinical practice and can clarify some problems with radiother-
apy techniques. ' ‘

Key words: breast cancer — mastectomy — patterns of care — radiotherapy

INTRODUCTION

Over. the last two decades, prospective randomized clinical
trials (RCT) and meta-analysis demonstrated that postmastec-
tomy radiotherapy (PMRT) improved the loco-regional con-
trol of patients with locally advanced breast cancer, but failed
to improve overall survival (1-3). Any reduction in breast
cancer mortality has been offset by mortality from late
adverse effects of radiotherapy, including heart disease (1).
. In the late 1990s, three prospective RCT demonstrated that
PMRT improved not only loco-regional control but also over-
all survival of patients with locally advanced breast cancer

For reprints and all comrespondence: Naoto Shikama, Department of
Radiology, Shinshu University School of Medicine, Matsumoto, Japan,
3-1-1 Asahi Matsumoto, 390-8621 Japan.
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(3-6). Recent meta-analysis demonstrated that PMRT with an
optimal dose and optimal radiotherapy target volume was
significantly associated with improved survival for up to
10 years (7). The adequate radiotherapy technique of
PMRT should be established to provide the effectiveness
of PMRT without increases in lethal toxicity. The recent
development of three-dimensional radiotherapy planning
and quality assurance of radiotherapy technique has facilit-
ated the reduction of severe radiation-induced toxicity. In
2001, the American Society of Clinical Oncology (ASCO)
proposed the clinical guidelines for PMRT to improve the
level of clinical practice (8).

The Patterns of Care Study in the United States (USPCS)
sponsored by the American College of Radiology has made
significant contributions to improvements in the care of
patients with breast cancer and with other types of cancer
(9,10). The Japanese Patterns of Care Study (JPCS) ‘Working
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Group collaborated with USPCS to evaluate each radmtherapy
practice pattern and improved the research method (11-13).
We conducted two national surveys to evaluate the clinical
practice of radiotherapy in Japan. The first goal of this study
was to evaluate whether PCS surveys fulfill the role of mon-
itoring changes in practice patterns in Japan after three pro-
spective randomized trials, which demonstrated the efficacy of
PMRT in the late 1990s (3,5,6). In addition, the second goal of
this study was to clarify whether the radiotherapy technique
has been improved sufficiently to provide effectiveness of
PMRT.

METHODS

We developed a data format system, which we installed on
portable computers. The extramural audits of facilities were
conducted by the JPCS Working Group. The audits were per-
formed by member physicians of the working group. The
audits reviewed the patients’ clinical records and input the
data into the portable computer on-site. The method of data
collection and the JPCS data format have been reported.in
detail previously (14).

In 1995, according to the Japanese facility master list, a total
of 556 facilities nationwide were stratified into four classifica-
tions according to the category of facility type and the number
of patients, and 79 facilities were sampled at random. The first
survey (JPCS-1) was carried out during 1998-2000, and col-
lected data of 1124 patients with breast cancer treated with
radiotherapy between 1995 and 1997 using two-stage cluster
sampling of facilities and patients (15). In 1999, a total of 641
facilities nationwide were stratified using the same method,
and 76 facilities were sampled at random. The second survey’
(IPCS-2) was carried out in 2001-2003, and involved
827 patients who were treated between 1999 and 2001. We
could not keep the same number of facilities in the two surveys
because of difficulties in gaining approval for an extramural
audit from the institutional review board (14). The eligibility
criteria for these surveys were as follows: (1) absence of distant
metastases, (2) no bilateral lesions, (3) females, (4) no gross
multiple tumors, (5) no diffuse-micro-calcification on preftreat-
ment mammography, (6) absence of prior or concurrent malig-
nancies, (7) absence of prior history of radiotherapy for beast
cancer and (8) absence of collagen vascular disease other than
rheumatoid arthritis. These eligibility criteria for the patients
who received breast conservative therapy were the same as
those for patients who underwent PMRT. The study office
sampled the patients at random from the patient list regardless
of the treatment procedures, including breast conservative
therapy and PMRT.

The clinical and pathological stages were classified accord-
ing to the Fifth Classification of the International Union
against Cancer (UICC) (16). Academic facilities were defined
as university hospitals or cancer centers and non-academic
facilities were defined as other hospitals. Differences in pro-
portion were evaluated by chi-squared test.

RESULTS

JPCS-1 included 866 patients treated with breast conservative
therapy and 258 patients treated with mastectomy and PMRT.
JPCS-2 included 746 patients treated with breast conservative
therapy and 81 patients treated with mastectomy followed by
PMRT. The patient characteristics are shown in Table 1. The
proportion of patients who received PMRT among those who
received postoperative radiotherapy decreased from 22.9% to
9.7% (P < 0.001). Among the patients who received PMRT,
the proportions of those with adverse risk factors, including
four or more axillary pos1t1Ve nodes and/or advanced primary
disease (pT3-4), were 57% in JPCS-1 and 72% in JPCS 2.
(P = 0.039).

The radiotherapy target volume included the chest wall in
31% and in 63% of the patients in JPCS-1 and in JPCS-2,
respectively (P < 0.001). The radiotherapy target volume
included the regional lymph node area, such as the supracla-
vicular fossa and/or internal mammary lymph nodes in 87% of
the patients in JPCS-1. and in 79% of those in JPCS-2
(P = 0.083). The radiotherapy target volume included both
chest wall and regional lymph node area in 18% of the patients
in JPCS-1 and 44% of those in JPCS-2 (P < 0.001) (Fig. 1).
The majority of the patients in JPCS-1 received irradiation
of the regional lymph node area alone. In the academic facil-
ities, the proportions of patients who received both chiest
wall irradiation and regional lymph node irradiation were
28% of the patients in JPCS-1 and 58% of those in JPCS-2
(P = 0.001). In the non-academic facilities, the proportions of -
patients receiving both treatments were 10% in JPCS-1 and
36% in JPCS-2 (P < 0.001).

The dose distribution at the iso-center plane was calculated
in only 42% of the patients both in JPCS-1 and in JPCS-2
(P = 0.467). In the academic facilities, the dose distribution
was calculated in only 46% of the patients in JPCS-1 and 52%
of those in JPCS-2 (P = 0.120). In the non-academic facilities,
the dose distribution was calculated in only 39% and in 36% of
the patients in both surveys, respectively (P = 0.894). Among
all facilities, the multiple-plane dose distribution was calcu-
lated in 4% of the patients in JPCS-1 and 15% of those in
JPCS-2 (P < 0.001). '

The immobilization cast was used in 14 and in 35% of the
patients in JPCS-1 and in JPCS-2, respectively (P < 0.001). In
the academic facilities, the immobilization cast was used in
21% of the patients in JPCS-1 and 58% of those in JPCS-2
(P < 0.001). In the non-academic facilities, the immobilization
cast was used in 9% of the patients in JPCS-1 and 20% of those
in JPCS-2 (P = 0.018).

No marked differences were found between the two surveys
regarding the daily fraction size, total irradiation dose or
photon beam energy (Table 2).

. DISCUSSION

The effectiveness and the safety of breast conservative therapy
have been confirmed by many randomized trials and pooled-




Table 1, Patient characteristics in two surveys

}’—value

JPCS-1 JPCS-2

(95-97) (99-01)

(n = 258) (n=81)
Age (¥) 53.6 £ 11.5 56.5 + 107 0.482
Menstrual status 0.063

Pre- 86/258 (33.3)  19/81 (23.4%)

Peri- 17/258 (6.6) 2/81 (2.5)

Post- 106/258_(41.1) 46/81 (56.8)
Unknown/missing 49/258 (19.0)  14/81 (17.3)
Pathologically T stage 0.548

pTis ' 0/258 (0.0) 0/81 (0.0)

pTO 1/258 (0.4) 0/81 (0.0)

pT1 43/258 (16.7)  13/81 (16.1)

pT2 ; 116/258 (44.9)  33/81 (40.8)

pT3 45/258 (17.4)  13/81 (16.0)

pT4 . 27/258 (10.5)  15/81 (18.5)

Unknown/missing 26/258 (10.1) /81 (8.6)

Number of 'pathologically ' 0.010
. positive axillary .
lyroph nodes

0 48/258 (18.6)  10/81 (12.3)

1-3 51/258 (19.8)  19/81 (23.5)

=4 119/258 (46.1)  49/81 (60.5)

Unknown/missing 40/258 (15.5) 3/81 (3.7)

Final microscopic margin ‘ <0.001

Positive 11/258 (4.3). 17/81 (21.0)

Close (=<2 mm) 10/258 (3.9) 2/81 (2.5)

Close (2-5 mm) 0/258 (0.0) 1/81 (1.2)

Close (>5 mm) 0/258 (0.0) 0/81 (0.0)

Negative 183/258 (70.9)  51/81 (63.0)

Unknown/missing 54/258 (20.9)  10/81 (12.3)

Estrogen receptor status 0.012

Not done . 35/258 (13.6) 7/81 (8.6)

. Positive 61/258 (23.6)  28/81 (34.6)
Negative 57/258 (22.1)  26/81 (32.1)
Unknown/missing 105/258 (40.7)  20/81 (24.7)
Progesterone receptor status <0.001
Not done 39/258 (15.1) 7/81 (8.6)
Positive 48/258 (18.6)  23/81 (28.4)
Negative 50/258 (19.4)  29/81 (35.8)
Unknown/missing 1217258 (46.9)  22/81 (27.2)

JPCS, Japanese Patterns of Care Study.

analyses (17-20). For the last two decades, breast conservative ‘

therapy has become more frequently performed in Japan.
The national survey conducted by the Japanese Breast
Cancer Society indicated that ~40% of patients with breast
cancer received breast conservative therapy in 2000, and that
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Figure 1. The radiotherapy target volume in patients who received PMRT. The
majority of patients in the first survey received irradiation of the regional lymph
node area alone. In the second survey, the radiotherapy target volume including
the chest wall and regional lymph nodes was applied more frequently JPCS,
Japanese Patterns of Care Study

nowadays more than half of the patients receive such treatment
(21). However, three prospective randomized trials indicated
that PMRT improved the overall survival of pre-menopausal
and post-menopausal patients with locally advanced breast
cancer who had pathologically four or more axillary posi-
tive nodes, and that PMRT has been used widely in the
United States and in the other Western countries (2-5). Fowble
reviewed a large number of reports regarding chest wall
recurrence after mastectomy, and reported that 8-36% of
patients with four or more pathologically positive nodes -
underwent treatment with mastectomy and adjuvant systemic
chemotherapy (2). However, in Japan PMRT has been used
infrequently in patients with adverse risk factors, because
many Japanese surgeons consider that chest wall recurrence
is infrequent after mastectomy and systemic therapy alone
(22). However, the evidence-based guidelines for clinical prac-
tice conducted by the Japanese Breast Cancer Society recom-
mended that PMRT should be applied in patients with
pathologically four or more axillary positive nodes. These
clinical guidelines may have affected the increment in a num-
ber of patients receiving PMRT in Japan. The dissemination of
high-quality evidence that does not result in the progress of
practical techniques would expose patients to severe adverse
effects. We should monitor clinical practice to evaluate
whether appropriate radlotherapy for PMRT is being per-
formed.

PMRT has been recommended for patients with four or more
pathologically proven axillary positive nodes and/or advanced
primary disease (8). The clinical benefit of PMRT for patients
without adverse risk factors is controversial (23,24). Smith
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Table 2. Radiotherapy technique in two surveys

JPCS-1} JPCS-2 P-value
. (n=258) (n=81)
Total radiation dose (Gy) 49 (10-60) 49 (18-60) 0.738
(median, range) .
Fraction size (Gy) 2002 20+0.1 0.490
(median * standard deviation) .
Beam quality of chest wall <0.001
irradiation*®
Photon (<6 MV) (%) 59179 (74.7) 26/51 (51.0)
Photon (>6 MV) (%) 6/79 (1.6) 2/51 (3.9)
Electron (%) 13/79 (16.5) 23/51 (45.1)
Mixed beam (*°Co and 1/79 (1.2) 0/51 (0.0)
Xrray 15 MV) (%)
- Wedge filter (ves)! (%) 11/66 (16.7) 11/28 (39.3) 0.001
Boost (yes) (%) 7/258 (2.7) 5/81 (6.2) 0.141

-*Calculations were performed only for patients who received chest wall
irradiation.

tCalculations were performed only for patients who received chest wall
irradiation using photon beam. : '
*1PCS, Japanese Patterns of Care Study.

et al. (23) reported that PMRT provided clinical benefits for
patients with T1-2 disease and positive axillary nodes. How-
ever, some other investigators argued that the role of PMRT
had not been defined for patients with T1-2 disease and pos-

itive axillary nodes (25). Hence further studies should be per- -

formed to establish the indications for PMRT. Our surveys
showed that among patients with breast cancer who received
postoperative radiotherapy, the proportion of PMRT decreased
from 22.9% in JPCS-1 to 9.7% in JPCS-2. This observation

does not imply a decrease in the absolute number of patients-

who received PMRT in Japan, but rather suggests an increment
in the number of patients who received breast conservative

- therapy. The. proportions of patients with adverse risk factors,
including four or more pathologically proven axillary positive
nodes and/or advanced T stage, increased from 57 to 72%
between the two studies. The eligibility for PMRT may be
influenced by the outcome of the prospective randomized trials
in the late 1990s, and PMRT came to be avoided for patients
with low risk factors (3-5).

A recent meta-analysis demonstrated that PMRT with an
optimal radiation dose ranging from 40 to 60 Gy in 2 Gy
fractions, and an appropriate target volume, including chest
wall and regional lymph node area, was associated with a
statistically significant 6.4% increase in absolute survival
(7). However, an inappropriate PMRT technique with an inad-
equate or excessive dose of radiotherapy or an inappropriate
target volume failed to show clinical benefit. Our two surveys
demonstrated some problems in radiotherapy techniques for
PMRT. In the first survey, the majority of patients received
regional lymph node irradiation alone, which was known as the
hockey-stick technique. In the second survey, the radiotherapy
target volume more frequently included the chest wall
and regional lymph nodes. Multiple radiation. fields covering

anatomically complex sites require a high-quality radiotherapy
technique, including three-dimensional radiation planning and
quality assurance to avoid severe toxicities. The dose distri-
bution is essential to determine the administration of wedge
filter and to evaluate the irradiated lung and heart volume. In
the United States, dose distribution in the isc-center plane was
calculated in ~95% of patients (11). However, in our survey
the dose distribution in the iso-center plane was calculated only
in 40% patients, and the multiple-plane dose distribution was
calculated only in 15% patients. No improvement of quality
assurance was found either in the academic or in the non-aca-
demic facilities. Although the immobilization cast is an import-
ant item to reproduce the irradiation field in daily treatment, it
was used in less than half of the patients in our surveys.

The main limitation of our surveys was the eligibility criteria
used. The aim of our surveys was to clarify the clinical pro-
cedures applied in patients with breast cancer who received
postoperative radiotherapy. The eligibility criteria for our sur-
veys were set up to collect data for patients who received
postoperative radiotherapy, including breast conservative ther-
apy and PMRT. The population of patients who received breast
conservative therapy has been increasing, and the relative size
of the population receiving PMRT has decreased. We could not

- collect data for patients with PMRT to determine the changes

in the clinical procedure sufficiently. Our surveys excluded
patients with multiple gross tumors and/or diffuse micro-
calcification on pretreatment mammography, but the survey
for PMRT should include these patients to determine the
nationwide status of PMRT. In future studies, we should con-
sider the eligibility criteria to determine the changes in the
clinical procedure of PMRT. .
Donabedian emphasized three components of quality of
care: structure, process and outcome (15). Good processes
of care help to achieve good clinical outcome for the patients,
while poor processes are associated with insufficient outcome.

- However, we did not evaluate the correlation between poor

radiotherapy technique and clinical outcome, including sur-
vival and adverse effects, because of the short follow-up
time and small sample size. A survey with small sample
size camnot clarify the interactions between poor processes
and insufficient clinical outcome. ‘“No difference’’ in the sur-
vey with small sample-size does not necessarily mean the
‘‘same.’’ Even if the poor process is not significantly associ-
ated with poor clinical outcome, this hasty interpretation does
not justify by any means that a poor radiotherapy technique is
acceptable. In addition, repeated analyses of the correlation
between each clinical parameter and the outcome may lead to
misunderstanding of the observed phenomenon because of
multiplicity. A process survey including large sample size
may not be efficient and economical. In contrast, a process

' survey using a relatively small sample size is convenient and

useful to compare the observed clinical practice with the
optimal radiotherapy technique that is considered appropriate
according to the textbooks or previously reported evidence.
However, the definition of optimized sample size for a survey
is controversial.

A TR




A recent meta-analysis demonstrated that use of an inappro-
priate radiotherapy technique that applied excessive radiation
dose and/or inappropriate target volume was associated with an
increment in non-breast cancer mortality (7). In Japan, the
infrastructure of radiation oncology units has been insufficient
to provide safe medical service in both academic and non-
academic facilities (13). The radiation oncology staff, includ-
ing radiation oncologists, technologists, dosimetrists and
- oncology nurses, should be enriched to provide good clinical
* practice for the patients. An efficient monitoring system using
optimized surveys combining the structure survey and process
survey should be established for good clinical practice.
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Abstract

This study evaluated the clinical features and treatment outcome of 15 patients with primary intraocular lymphoma. There
were nine females, with a median age of 68 years. Thirteen patients presented with bilateral lesions and median time from the
onset of symptoms to diagnosis was 12 months. All but one showed the B-cell phenotype. All patients received radiation
therapy (RT) with a median of 41 Gy and 10 were administered chemotherapy as well. Three patients were treated with
high-dose methotrexate and nine received prophylactic cranial irradiation (PCI) with a median of 30.6 Gy. Thirteen patients
obtained a complete remission. The 2-year overall and disease free survival were 74% and 58%, respectively. Although only
one patient experienced local recurrence, PCI did not prevent intracranial recurrence. One patient developed a grade
3 cognitive disturbance. It was concluded that ocular RT was effective to control primary lesions. However, some

modifications are indispensable to improve outcomes.

Keywords: Primary intraocular lymphoma, PIOL, radiation therapy, chemotherapy, PCNSL

Introduction

Primary intraocular lymphoma (PIOL), formally
known as ocular retdculum cell sarcoma, is an un-
common clinical manifestation of non-Hodgkin’s
lymphoma, which arises in the retina or the vitreous
humor [1-7]. It usually develops in padents in the
fifth and sixth decade of life as a chronic, relapsing
and steroid-resistant uveits and vitrits [3,8-10].
Patients often complain of blurred vision, a painless
loss of vision and floaters. According to the previous
reports, it took several years from the onset of
symptoms to establish a diagnosis of PIOL in some

studies [8,9,11 —13]. Therefore, physicians should be
clinically suspicious of PIOL when uveitis is resistant
to treatment with steroids. Cytological or pathologi-
cal studies of a vitreous biopsy are the most common
procedure to confirm a diagnosis of PIOL. However,
it is sometimes difficult to make a diagnosis of PIOL,
because (1) the cellular content of vitreous samples
may be sparse, (2) the number of reactive cells
present in the specimen and (3) lymphoma cells are
fragile [2~8,11]. In such cases, immunohistochem-
ical studies, flow cytometry and polymerase chain
reaction of the rearranged immunoglobulin gene are
helpful [14].
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Intraocular lymphoma may occur independently,
prior or subsequent to a primary central nervous
system lymphoma (PCNSL). Primary intraocular
lymphoma develops intracranial involvement in
60-85% of patients during their course [2-8,11].
On the contrary, recent estimates suggest that
15-25% of patients with PCNSL have ocular disease
[3,9]. This previously rare disease has become more
frequent along with the increase in the incidence of
PCNSL; however, the clinical features and optimal
treatment for PIOL have to be clarifiéd.

Until now, many case series and review articles
have been published in the literature, but most of
these reports contained both PIOL and PCNSL or
ocular involvement of systemic lymphoma, which are
distinct from PIOL [1-9,11-35]. Thus, we have
compiled a multi-institutional retrospective analysis
to clarify the clinical features and optimal manage-
ment of PIOL.

Materials and methods

A survey of padents with PIOL was carried out in
May 2005. Between January 1990 and February
2005, eight of 17 institutions of the Japanese Society
for Therapeutic Radiology and Oncology Lymphoma
Study Group responded om a questionnaire that
there were eligible patients. Eligible patients had

previously untreated, histologically or cytologically

proven non-Hodgkin’s lymphoma demonstrating
intraocular involvement. Those who had CNS
involvement or systemic disease were excluded from
this study. Histopathological diagnosis was based
upon REAL (revised European—American classifica-
tion of lymphoid neoplasms) or WHO (World Health
Organization) classification [36,37]. However, cyto-
logical examination hampered the confirmation of
sub-type of lymphoma in some patients. Immuno-
histochemical study using antibodies against CD20,
CD43, CD45R0O and CD79a were performed.

In principle, the staging procedures included phy-
sical examination, complete blood cell count, liver
and renal function tests, ophthalmological examina-
tions with a slit lamp, gallium scintigraphy, computed
tomography (CT) of the neck, chest, abdomen and
pelvis and bone marrow aspiration or biopsy. An
examination of cerebrospinal fluid was undertaken to
rule out disseminations. Brain magnetic resonance
imaging (MRI) and/or CT was mandatory to exclude
ocular involvement of PCNSL.

Since this study was a retrospective mult-
institutional survey, treatment strategies were depen-
dent upon the discretions of the treating physician.
However, all patients received radiation therapy
(RT) using photon beams with two lateral opposed
fields. Response to the treatment was determined by
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ophthalmological findings and imaging studies in-
cluding brain CT and/or MRI and CT scan from
neck to pelvis, according to the standard criteria
proposed by Cheson et al. [38]. Overall survival
(OAS) and disease-free survival (DFS) were calcu-
lated using the method of Kaplan and Meier [39].
The median follow-up was 19.2 months (range
6.9-73 months). Late sequelae were graded accord-
ing to the National Cancer Institute common toxicity
criteria version 2.0. ’

Results
Patient characteristics

A survey identified 15 padents with PIOL from eight
institutions. The median age was 68 years (range
3884 years) and the male-to-female ratio was 1:1.5.
Detailed patient characteristics are shown in Table I.
All but two patients presented with bilateral ocular
lesions. No patents showed intracranial involvement
or systemic diseases as it was an exclusion criteria in
this study. Eleven patients had performance status
0-~1 (based on the Eastern Cooperative Oncology
Group). Median tme from the onset of symptoms
and diagnosis of PIOL was 12 months (range
5—24 months).

Six patients were diagnosed by histopathological
examination and eight cytologically. Two patients
required vitrectomy for diagnosis and four patients
were diagnosed by vitreal biopsy. In the remaining
patient, cytological examination was highly suggestive
of lymphoma with monoclonal immunoglobulin
heavy chain gene rearrangement. The pathological

Table L Patient characteristics.

Duration of

Caseno Age Sex symptom (Mo) Larerality Pathology

1 77 F 21 Bilateral DLBCL
2 67 F 7 Bilateral DLBCL.
3 68 M 20 Bilateral DLBCL
4 73 M 8 Right B-NHL
5 56 F 12 Bilateral DLBCL
6 73 F 12 Left DLBCL
7 51 F 7 Bilateral DILBCL
8 383 M 13 Bilateral  B-NHL
9 69 F 24 Bilateral DLBCL
10 73 F 20 Bilateral T-NHL
11 54 M 10 Bilateral B-NHL
12 84. F 5 Bilateral B-NHL
13 69 M 6 Bilateral  B-NHIL,
14 48 F 12 Bilateral B-NHL
15 67 M 11 Bilateral B-NHL

F; female, M; male, Mo; months, DLBCL; diffuse large B-cell
lymphoma, B-NHL; B-cell non-Hodgkin’s lymphoma, further
unclassified, T-NHL; T-cell non-Hodgkin’s lymphoma, further
unclassified,
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diagnosis was based upon an institutional pathology

report without central review. Histopathological
diagnosis was diffuse large B-cell lymphoma
(DLBCL) in seven padents and B-cell non-
Hodgkin’s lymphoma (NHL), further unclassified,
in seven. The remaining patient demonstrated T-cell
receptor gene rearrangement and, as diagnosed as
T-cell NHL, further unclassified. In laboratory tests,
five patients demonstrated a LDH (lactate dehydro-
genase) increment and the level of sIL-2R (soluble
interleukin-2 receptor) was elevated in two of
12 patents.

Treatment and outcome

The treatrent characteristics are shown in Table II.
Eight patients received a combination of chemother-
apy and RT, while five were treated solely by RT.
The remaining two experienced disease progression
to the central nervous system (CNS) during chemo-
therapy and received salvage RT thereafter. Of the
10 patients who received chemotherapy, only three
were treated with high-dose methotrexate- (MTX).
Four patients received doxorubicin-containing
chemotherapy and the remaining three received
low-dose MTX. The chemotherapy regimen was
dependent upon the discretions of the treating
physician. All patients received RT using photon
beams with two lateral opposed fields. The total dose
of RT ranged from 30-46 Gy, with a median of
41 Gy. Nine patents, including two patients with
unilateral disease at presentation, received prophy-~
lactic cranial irradiation (PCI), ranging in dose from
24-32 Gy, with a median of 30.6 Gy.

Table II. Treatment and outcome.

Survival
Case no Treatment Relapse Qutcome Mo)
1 Chemo ~+ RT - Brain DOD 6.9
2 RT — Chemo  Brain " DOD 19.7°
3 RT Brain DOD 41.3
4 Chemo — RT NED 25.2
5 RT — Chemo NED 19
6 RT NED 27.6
7 Chemo Brain DOD 6.9
8 Chemo — RT  Righteye AWD 73
9 Chemo — RT NED 39
10 RT NED 10.8
11 " Chemo - RT NED 27.9
12 RT NED 18
13 RT . Tesds . AWD 19.2
14 Chemo Brain AWD 11.4
15 Chemo — RT NED - 11.2

Chemo; chemotherapy, RT; radiation therapy, Mo; months, DOD;
dead of disease, NED; no evidence of disease, AWD; alive with
disease.

At the dme of evaluation, 13 patients achieved
complete remission (CR) or CRAunconfirmed (CRu),
which resulted in an 87% CR rate (95% confidence
interval [CI], 67-100%). Figure 1 shows survival
curves in this series. The median OAS was
41 months. The 1- and 2-year OAS were 87% (95%
CI, 70-100%) and 74% (95% CI, 47—-100%), res-
pectively. The corresponding figures with respect
to DEFS were 67% (95% CI, 43-91%) and 58%
(95% CI, 33-84%), respectively, with a median of
34 months. There were seven patients who experi-
enced recurrences or progression. The radiological
studies demonstrated brain involvement in five
patients and physical examination including ophthal-
mological study showed local recurrence and
testicular involvement in one patient each. Two of
nine patients who, received PCI experienced CNS
recurrence, while one in four who did not receive it
developed brain involvement. (P=0.50, Fisher’s
exact test) Those who received high-dose MTX did
not experience CNS recurrence. At the last contact,
four patients had died of their disease.

Treatment sequelae

With regard to late adverse events, a 73 year old
female developed a grade 3 cognitive disturbance
27 months after RT. She received 32 Gy of PCI
without chemotherapy. She also developed turbidity
of the vitreous body 2 years after RT. One patient
developed Grade 2 cataract and another four
assessable patients who survived more than 1 year
experienced no late adverse events, including retino-
pathy, optic neuropathy, cataract or brain injury.

Discussion

Primary intraocular lymphoma is designated as an
extra-nodal non-Hodgkin’s lymphoma of the eye

Probability
>

0 10 20 30 40 50 80 70 80
(Mo)

Figure 1. The curves for overall survival (solid line) and disease-
free survival (dashed line).



without evidence of systemic or CNS disease. It was
first described in 1951, and was originally named
‘ocular reticulum cell sarcoma’ [1]. Until now, many
case series and review articles have been published in
.the literature, but most of these reports contained not

only a small number of patients with PIOL, but also a-

large majority of PCNSL [1-28]. Thus, the findings
from these reports were largely dependent upon
PCNSL. Furthermore, some articles reported the
ocular involvement of systemic lymphoma, which is
distinct from PIOL [29-35]. These circumstances
have obscured our understanding with regard to the
clinical features and optimal management of PIOL.
Thus, we summarize the patient characteristics in
Table III. The median age of onset was 50s to 60s
with some female preponderance. These findings are
well in accordance with our current study.

Many researchers have concurred that the diag-
nostic difficulty and delay from presentation is one of
the major problems in the management of PIOL
[8,9,11-13]. The time from onset of ocular symp-
toms to diagnosis ranged from 1-48 months and
many researchers argue that early diagnosis would
lead to an improvement in outcome [8-10,12,13].
The diagnosis of PIOL was based upon cytological or
histological examination of samples from the vitreous
body, but these specimens are fragile and difficult to
handle. Thus, in additdon to routine cytological or
histopathological examinations, some molecular stu-
dies, including polymerase chain reaction of the
rearranged immunoglobulin gene, and flow cytome-
try would be helpful [14]. Although it was not
diagnostic, Cassoux et al. [12] also recommended

Table III. Summary of literatures. Patient characteristics.

Time to
Age Male/ diagnosis
Ref n (median) female (median)
[1] 1 27 1/0 5
[9] 12 3267 (58) 4/8 NR )
[10] 6 46-74 (56) 4/2 1-48 (17)
[13] 4 61-70 (70) 3/1 NR
[15] 2 65-81 1/1 26-35 (30)
[16] 2 6668 1 NR
17 1 56 1/0 48
[18]) 1 37 0/1 6
[19] 1 37 ! 8
[20} 5 6272 (66) 1/4 NR
[21] . 13 27-77 (66) 6/7 NR
[22) 1 62 1/0 NR
[23} 1 57 0/1 NR
[24]) 4 4661 (51) 2/2 NR
[25] 4 31-71 (50) NR NR
[27] 1 83 0/1 NR
[28] 8 NR 4/4 NR
Current 15 34-84 (68) 6/9 5-24 (12)

Ref; references, NR; not reported.
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the measurement of the IL-10 to IL-6 ratio in the
vitreous fluid. The utility of other markers such as
LDH, sIL-2R and beta 2 microglobulin has not yet
been evaluated. '

The most important issue that must be resolved
has been the optimal treatment for PIOL. We sum-
marize literatures concerning treatment, outcome
and late sequelae in Table IV. Old series published in
1980s indicated that RT was first choice of treat-
ment. Several reports discussed the optimal radiation
doses and treatment portal. Some authors reported
beneficial effect of RT with 35-45 Gy exclusively to
the ocular lesions, given that CNS disease cannot be
found ([8,9]. On the other hand, other groups
recommend PCI doses up to 45 Gy because the vast
majority of patients eventually develop CNS diseases
[15,18-22]. We observed only one local recurrence
after RT with a median dose of 41 Gy in this series,
which suggested that 40 Gy of RT is enough to
eradicate PIOL. However, we were not able to
demonstrate any decrease in CNS relapse after PCI
with a median dose of 30.6 Gy. It is possible to
hypothesize that higher doses are necessary to
eliminate microscopic CNS disease. However, we
have to be aware of the fact that higher dose RT
might lead to detrimental late neurological deficits.
In fact, an elderly woman developed a grade 3
cognitive disturbance after 32 Gy of PCI in this.
series. We did not experience CNS recurrence after
high-dose MTX; thus, we advocate a strategy that
combines high-dose MTX and PCI with doses of
30 Gy to control microscopic CNS disease.

In the place of RT, recent publications have
recommended high-dose intravenous MTX follow-
ing encouraging results in the treatment of PCNSL
[3-7,12,23,25]. In fact, de Smet et al. [40] demon-
strated that sustained cytotoxic MTX levels in the
aqueous humor were achievable after 8.4 g/m? of
systemic MTX administration. However, several
groups have reported that ocular lesions were less
responsive than those of CNS disease because
vitreous MTX concentration was usually lower than
that of the anterior chamber [5,25]. To overcome -
this problem, Fishburne et al. [41] used an intravi-
treal MTX injecdon. They reported that four
patients with recurrent PIOL or PCNSL were
successfully salvaged by intravitreal MTX injection
without serious ocular toxic reactions. Intrathecal
injection is another route for MTX administration;
however, its efficacy remains to be confirmed [26].

Baumann et al. [35] treated a patient with ocular
involvement from a primary breast lymphoma
with high-dose cytosine arabinoside (Ara-C). They
demonstrated that systemic administration of 3 g/m?
of Ara-C also gained therapeutic levels in the anterior
chamber and the vitreous humor similar to that of
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Table IV. Summary of literatures. Treatment, outcome and late sequelae.

Ref Treatment CNS (%) OAS (Mo) Recommendations Late Sequelae (%)
[1] RT NR 11 NR NR
[9] CS or RT 83 11-87 NR NR
[11] RT 0 24-109 NR NR
[12} Chemo or RT 48 NR MTX NR
[13] RT + Chemo 75 14103 Chemo Cataract (50), Dry eye (40),
Retinopathy (20),
Keratopathy (20)
[15]) RT 50 9-39 RT (PCD Retinal atrophy (50)
[19] RT 4 Chemo 0 48 Chemo+RT @®CI NR
[20} . Ara-C+RT NR 6-42 Ara-C+RT (PCI) NR
[21] RT or Chemo 27 3+-90 Ara-C+RT (PCI) NR
[22] Ara-C+RT 0 33 Ara-C+RT (PCD) NR
[23] MTX 4+ Ara-C 0 NR Chemo Neurocognitive dysfunction (38)
[24]) Transplantation 0 46-84 Chemo Cognitive dysfunction (32)
[25] MTX NR 8-85 MTX No neurotoxicities
271 Oral Alkylator 0 8 NR None
Current RT + Chemo or RT 33 7-73 MTX4+RT Cognitive disturbance (10),

Cataract (20)

Ref; references, CNS; central nervous system recurrence, OAS; overall survival, Mo; months, RT; radiation therapy, NR; not reported, CS:

corticosteroid, Chemo; chemotherapy, MTX; methotrexate, Ara-C; cytosine arabinoside, PCI; prophylactic cranial irradiation.

high-dose MTX. Several groups have also. demon-
strated the efficacy of high-dose Ara-C, which
suggested that it might be an alternative to high-
dose MTX [20-22]. Jahnke et al. [27] showed that
an oral alkylating cytostatic agent, trofosfamide, is
effective with a favorable toxicity profile. They con-
cluded that trofosfamide may offer an alternative
treatment option for PIOL.

Radiation therapy rapidly improves patients’ symp-
toms, but does cause late sequelae including
cataracts, dry eye, optic neuropathy and retinopathy.
Hoffman et al. [13] reported that 50% of patients
developed cataracts. They also stated that 20%
experienced retinopathy and 10% developed optic
nerve atrophy. Other researchers have reported that
half of the patients developed retinal atrophy after
RT [15]. We also observed cataracts in 20% of
patients. It has also been well known that detrimental
neurocognitive dysfunction would develop after
whole-brain irradiation. In fact, we observed a grade
3 cognitive disturbance in this series. In addition to
whole-brain irradiation, chemotherapy, especially
high-dose MTX, for elderly patients has also caused
leukoencephalopathy. Two groups reported that
about one-third of patients developed cognitive
dysfunction after high-dose MTX or high-dose
chemotherapy with stem cell support [23,24]. Thus,
Valluri et al. [22] recommended that a combination
of chemotherapy and lower dose RT may reduce
radiation induced ocular morbidity.

In conclusion, the prognosis of intraocular lym-
phoma still remains poor, but it is impossible to esta-
blish optimal therapeutic strategies in a randomized
trial due to its rarity. Systemic chemotherapy alone

may not be sufficient to control PIOL and ocular
RT appears still indispensable. The high incidence
of CNS recurrence and the late sequelae such
as cataracts, retinopathy and neurocognitive dys-
function were also problematic in the management
of PIOL. From the literature review and our current
experience, we recommend delivering 40 Gy of
ocular RT, PCI with doses 30 Gy and high-dose
MTX to control PIOL.
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