Table 1. Patient characteristics in two surveys

}’-value

JpCS-1 JPCS-2

(95-97) (99-01)

(n =258) (n=81)
Age () 536115 565%107 0482
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)

Unk:nowx?/missing 26/258 (10.1) 7181 (8.6)

Number of pathologically ' 0.010
. positive axillary
lymph nodes

o 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 401258 (15.5)  3/81 3.7)

Final microscopic margin ' <0.001

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

Close (<2 mm) 10258 (39) 281 (25)

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)

Eétrogen receptor status 0.012

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

" Positive 61/258 (23.6) 28181 (34.6)
Negative 57/258 (22.1)  26/81 (32.1)
Unknown/missing 105/258 (40.7) 20181 (24.7)
Progesterone receptor status <0.001
Not done 397258 (15.1) 7181 (8.6)
Positive 48/258 (18.6)  23/81 (28.4)
Negative 50/258 (19.4)  29/81 (35.8)
Unknown/missing 121/258 (46.9) 2?/81w (272)

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. Theradiotherapy 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 JECS,
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 techrique in two surveys

JpCS-1} JPCS-2 P-value
. (n = 258) (n=281)
Total radiation dose (Gy) 49 (10-60) 49 (18-60) 0.738
(median, range) .
Fraction size (Gy) 20:+02 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 (7.6) 2/51 3.9)
Electron (%) 13/79 (16.5) 23/51 (45.1)
Mixed beam (**Co and 179 (1.2) 0/51 (0.0)
X-ray 15 MV) (%)
- Wedge filter (yes)! (%) 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
u-radxauon using photon beam. :

PCS, 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 prospectlve 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 iso-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 pretreatmment 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 quahty 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 cannot 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 clinjcal 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 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 ymphoma, PIOL, radiation therapy, chemotherapy, PCNSL

Introduction

Primary intraocular lymphoma (PIOL), formally
known as ocular reticulum 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 patents in the
fifth and sixth decade of life as a chronic, relapsing
and steroid-resistant uveitis and vitrids [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 patents 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 on 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 multi-
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 patents 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 patients 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 tdme 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 I. Patient characteristics.

Duration of

Caseno Age Sex symptom (Mo) Laterality 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 DLBCL
8 38 M 13 Bilateral  B-NHIL.
9 69 F 24 Bilateral DILBCL
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-NHL
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 patients 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 patients.

Trearment and outcome

The treatment 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 patents received doxorubicin-containing
chemotherapy and the remaining three received
low-dose MTX. The chemotherapy regimen was
dependent upon the discretons 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
2432 Gy, with a median of 30.6 Gy.

Table II. Treatment and outcome.

) Survival
Case no  Treatment Relapse Outcome (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 . Tests . AWD 19.2
14 Chemo Brain AWD 11.4
15 Chemo —+ RT NED 112

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

At the tme of evaluation, 13 patients achieved
complete remission (CR) or CR/Aunconfirmed (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 DES 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 patent 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 60‘ 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
Zthe literature, but most of these reports contained not
only a small number of patients with PIOL, butalso 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 addition 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)
m 1 27 1/0 5
91 12 32-67 (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 1/1 NR
117 1 56 1/0 48
[18) 1 37 0/1 6
[19] 1 37 0/1 8
[20] 5 62-72 (66) 1/4 - NR
[21) 13 27-77 (66) 6/7 NR
[22] 1 62 1/0 NR
(23] 1 57 o1 NR
[24] 4 46~61 (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 injection. 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. Treatnent, outcome and late sequelae,

Ref Treatment CNS (%) OAS (Mo) Recommendations Late Sequelae (%)
[11 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 14-103 Chemo Cataract (50), Dry eye (40),
Retinopathy (20),
Keratopathy (20)
[15] RT 50 9-39 RT (PCI) Retinal atrophy (50)
{19] RT + Chemo 0 48 Chemo+RT (PCI) NR
20 . Ara-C+RT NR 642 Ara-C+RT (PCD) NR
[21) RT or Chemo 27 3-90 Ara-C+RT (PCD NR
[22] Ara-C+RT 0 33 Ara-C+RT (PCI) NR
[23] MTX + Ara-C 0 NR Chemo Neurocognitive dysfunction (38)
[24) Transplantation 0 4684 Chemo Cognitive dysfunction (32)
[25] MTX NR 8-85 MTX No neurotoxicities
[27] Oral Alkylator 0 8 NR None
Current RT + Chemo or RT 33 7-73 MTX+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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Abstract—Radiation complications are often related to the dose inhomogeneity (hot spot) in breast tissue treated
with conservative therapy, especially for large patients. The effect of photon energy on radiation dose distribution
is analyzed to provide guidelines for the selection of beam energy when tangential fields and limited slices are
used to treat women with large breasts. Forty-eight patients with chest wall separation > 22 cm were selected for
dosimetric analysis. We compared the maximum dose in the central axis (CAX) plane (2D) using 6-, 10-, and
18-MV photon beams in all patients and 3D data set for 16 patients. Correlation between hot spot dose (HSD),
separation, breast cup size, breast volume, and body weight was derived with beam energy. Among the 48
patients in this study, HSD > 10% in the CAX plane was noted in 98%, 46%, and 4% of the population when
2D dosimetry was performed; however, with 3D study, it was in 50%, 19%, and 6% of the patients with 6-MV,
10-MV and 18-MV beams, respectively. The chest wall separation, body weight, and breast volume were
correlated with the HSD in both the 2D and 3D plans. Patient’s bra size was not correlated with the hot spot. The
chest wall separation was found to be the most important parameter to correlate with hot spot in tangential
breast treatment. Simple guidelines are provided for dose uniformity in breast with respect to chest wall

separation, body weight, bra size, and breast volume with tangential field irradiations.
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INTRODUCTION

Radiation dose distribution plays an important role in the
outcome analysis of the radiation treatment. However,
optimum dose distribution cannot be achieved in the
majority of the patients who are treated with breast
conservative therapy using three-dimensional (3D) plan-
ning with low-energy beams. Traditionally, low-energy
beams have been used for breast treatment to provide
adequate subcutaneous dose.! There is a growing trend
of obesity in affluent countries, including the United
States, which could impact the brfeast patient population
- treated with tangential fields. Often, treatment planning
for breast cancer is performed on the central axis (CAX)
slice only. However, with the availability of computed
tomography (CT) simulation, more patients are being
planned with 3D data sets, where hot spots in the entire
breast tissue can be readily appreciated and an optimized
plan can be used for the treatment. Unfortunately, the hot
spot cannot be eliminated with simple wedge pair tangential
technique for breast treatment. Various techniques such
as field-within-a-field, multisegmented fields, and some
form of intensity-modulated beams have been developed

Reprint requests to: Indra J. Das, Ph.D., Department of Radiation
Oncology, University of Pennsylvania, Philadelphia, PA 19104. E-mail:
das@xrt.upenn.edu
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to reduce hot spots and to provide a uniform dose to the
entire breast.” Intensity-modulated radiation therapy
(IMRT) for breast cancer has also been erriployed. How-
ever, for most clinicians, IMRT for breast is still a
debatable issue, due to the lack of suitable standardized
optimization software and unavailability of long-term
outcome data.

It is a known fact that dose uniformity in breast
tissue decreases, especially for large breasts. An analysis
of the frequency distributions of patients in the United
States from patterns-of-care studies (PCS),'° Japan, and
our institutions (Fig. 1) shows fewer Japanese patients
who have large breasts, which might impact the dosim-
etry of the tangential fields, compared to their United
States counterparts. The chest wall separation in the
Japanese patient population ranged from 14 to 27.5 cm,
with a median value of 18.7 cm (Fig. 1). Among Japa-
nese patients, 14% had large chest wall separation more
than 22 cm. On the other hand, the chest wall separation
in the United States patients’ population ranged from 13
to 35 cm, with a median value of 21 cm.1® A large subset
of the patients (40%) treated in the United States is
obese, with a chest wall separation in the range of 22-32
cm. The difference between the PCS and our patient
population is significant, which could be attributed to the
small pool size and the selection of patients in this study.
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Frequency distribution of breast patient
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Fig. 1. Frequency distribution of the patient population in our institution, United States, and Japan.

Among the various risk factors associated with poor
cosmetic result is breast size, which may indirectly be
related to the dose uniformity.!*™?° Most radiation on-
cologists still favor low-energy photon beams for breast
irradiation, although the rationale of such selection for
large breasts is not clearly understood. While dose rate
and dose uniformity seem to dictate the cosmetic out-
come, it is not clear if the underlying issue is related to
clinical or physical factors. Das et al.?! reported that
chest wall separation is the single most important param-
eter that is strongly correlated with dose inhomogeneity
(hot spot) in tangential breast irradiation. Based on the
hot spot criterion,! the patients with chest wall separa-
tion of more than 22 cm could benefit from treatment
using high-energy photon beams degraded with a beam
spoiler, to achieve good dose distribution in subcutane-
ous tissue and to reduce hot spots.2?

In this study, we investigated the influence of high-
energy photon beams on single slice (2D) and multi-slice
3D dose distribution of large-breasted (large chest wall
separation) patients who are treated with conservative
therapy. Selection of beam energy, in terms of hot spot
and various physical parameters, is also presented.

METHODS AND MATERIALS

The chest wall separation was defined as the dis-

tance between the midline of the anterior chest wall and

the point that was 2 cm below the palpable breast in the
CAX plane.?"?®* We reviewed the breast patient popula-
tion with respect to chest wall separation in Japan and the
published data from PCS in the United States!® for
frequency distribution, as shown in Fig. 1. Forty-eight

patients with chest wall separation greater than 22 cm in
this study were selected from a Unites States population.
We measured the chest wall separation in each patient
manually or using the CT image in the CAX plane. This
data is taken as a sample representation of the population
of the breast treatment in Japan and the United States.
This study was performed retrospectively without
compromising confidentiality of the patients and hence
institutional review board approval was not deemed nec-
essary. All patients were referred for whole breast radi-
ation treatment after breast-conserving surgery. In 32
patients, calculation of dose distribution was performed
using the CAX plane alone (2D), and in another 16
patients, calculation of dose distribution was performed
using multi-slices (3D) using ROCS treatment planning
system (San Diego, CA). Patients were immobilized
using Alpha-Cradle and positioned supine with shoulders
and elbows flexed and arm overhead. Using a CT simu-
lator, patients were simulated on an inclined board. For
2D patient study, the simulation was performed on a
conventional simulator. For 3D study, patients were
aligned and positioned to fit through the CT aperture.
The chest was carefully palpated to define the borders of
the breast, which were marked with thin lead wires.
Patients were scanned with 3-mm slice width and 3-mm
step size for better digitally-reconstructed radiographs.
Each study was transferred to the VoxelQ processor for
virtual simulation. A clinical target volume (CTV) was
defined on each slice to cover the breast tissue ade-
quately, and the outer contour of CTV was placed on the
breast surface. Calculation of breast volume was based
on the contours of CTV. Lung volume was also delin-
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eated on each slice. The medial border of the radiation
field was at the midline of the anterior chest wall, and
the lateral border was 2 cm beyond the palpable breast.
The upper border was 2 cm beyond the cephalic extent of
the palpable breast, and the lower border was 2 cm below
the inframammary fold. Medial and lateral tangential
fields were set up such that both covered the breast tissue
adequately with 2--3 cm of lung tissue.

The posterior beam edge was made coplanar and
nondivergent. The reference point of prescribed dose was
defined to a point 1.5 cm above the posterior beam edge
as described by Das et al®' Treatment planning was
performed to give uniform dose distribution with proper
wedge and beam weights for all patients. We compared
the maximum dose in the CAX slice using 6-, 10-, and
18-MV photon beams in all 48 patients. ICRU-50 has
defined hot spot dose (HSD) and maximum dose; how-
ever, clinically accepted hot spot?> area is 2 cm?, which
is used in this study. We analyzed the correlation be-
tween hot spot in the CAX plane and such clinical factors
as body weight and preoperative bra size, which were
gathered from the patient’s chart. For the 16 patients with
3D breast planning, we compared the maximum dose in
the CAX plane with those in other calculation planes
(off-axis +3 cm, +6 cm, +9 cm; cephalus, —3 cm, —6 cm,
—9 cm; caudal) with inhomogeneity correction using 6-,
10-, and 18-MV photon beams. We also analyzed the
correlation between the maximum dose in multi-slices
with various parameters found in the chart such as body
weight, preoperative bra size, and breast volume.

Medical Dosimetry
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RESULTS

2D analysis

Figure 2 shows the hot spot data for a single slice
study for 3 éenergies. Using a 6-MV photon beam, a
maximum dose in the CAX plane of more than 10% of
the prescribed dose was observed in 98% (47 of 48) of
patients. With 10-MV photon beams, it was found in
46% (22 of 48) of patients. When using 18-MV photon
beams, it was found only in 4% (2 of 48) of patients.
Thus, chest wall separation was strongly correlated with
maximum dose in the CAX plane, as shown also by Das
et al.*! The HSD was given a functional form with
respect to chest wall separation (S).

HSD = oS+ B o))

The a and B are fitted parameters that are shown in Fig. 2
and are noted to be 1.56, 0.99, 0.62, and 78.5%, 84.7%,
and 91.4% for the 6-, 10-, and 18-MV beams, respec-
tively. This correlation can be used to predict the HSD' in
2D planning. It is shown that *= 5% dose uniformity in
breast tissue is hard to achieve with tangential field. The
line at the 15% hot spot is drawn to show the choice of
energy where such criterion cannot be met. ,
Body weight of the patient population ranged from
63 to 136 kg, and preoperative bra size ranged from 34B
to 41DDD/46D. Body weight was slightly correlated
with maximum dose in the CAX plane for all photon
energies (Fig. 3). Similar to Eq. (1), HSD can be corre-
lated with body weight with paramieters as noted in Fig. 3

Chestwall separation vs hot spot
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Fig. 2. The maximum HSD (%) at central axis slice vs. chest wall separation with various photon
energies. Regression coefficients are also shown.
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F]g 3. The correlation between the maximum HSD (%) at central axis slice and body welght Data

with various photon energies and related regressions are shown.

for 6-, 10-, and 18-MV beams, with relatively poor
regression coefficient * 0.24, 0.47, and 0.33, respec-
tively. These fitted parameters shown in Figs. 2 and 3 are
dependent on the accuracy of dose calculation, which
varies significantly among various treatment planning
systems, as noted by Cheng et al.?® The present data and

fitted parameters should be used with caution due to the
variability of dose algorithm among the different plan-
ning systems. Preoperative bra cup size was not corre-
lated with HSD at the CAX plane using 6-, 10-, or
18-MV photon beams, as shown in Fig. 4, with regres-
sion coefficients (r?) of 0.05, 0.07, and 0.1, for the 6-,
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Fig. 4. The maximum HSD (%) at central axis slice plotted against breast cup size and photon

energy.
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Breast Volume vs Hot spot
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Flg 5. The maximum HSD (%) vs. breast volume when 3D dose distﬁbuﬁon is performed. Note that
hot spot reduces with beam energy but increases linearly with breast volume.

10-, and 18-MV x-ray beams, respectively. It is obvious
that bra size is a poor measure of the breast parameter
and should not be used for quantitative dosimetry and

outcome analysis. Although breast volume (breast size) _

is independent of the chest wall separation, a good cor-
relation was observed in this study. The breast volume
was also correlated with the HSD, as shown in Fig. 5, but
with relatively weaker 2.

3D analysis
. Evaluation of dose distribution using 3D data set
was accomplished in a limited set (16) of patients. The

calculated breast volume ranged from 793 cm? to 3221
cm?, and the median volume was 1423 c¢m? in the 3D
study, as shown in Table 1. Even though a limited set of
slices could provide a general dose distribution, as sug-
gested by Cheng et al,%” full CT data was used in this
study to evaluate the global hot spot with proper inho-
mogeneity correction.

The correlation between the maximum HSD in 3D
between chest wall, body weight, and breast volume was
similar to the 2D results, except that the magnitude of the
hot spots was higher. This is shown'in Fig. 6 with respect
to the chest wall separation. The error bar represents the

Table 1. Characteristics of patients for 3D dose calculation

Difference in HSD in 3D Breast to CAX (%)

Chest Wall Body Bra Cup _Breast

Separation (cm) Weight (kg) Size Volume (cm?) 6 MV 10 MV 18 MV
32.0 106 DDD 3050 6 4 3
24.0 105 DD 3221 3 3 2
24.4 89 DD- . 1706 10 7 7
27.5 107 D 1454 9 8 7
224 72 D 970 4 7 5
247 80 B 835 9 8 4
234 72 D 1511 10 9 7 -
22,6 63 D 1113 10 7 6
245 81 D 1450 7 6 7
22.0 77 D 1423 14 10 7
25.0 84 D 1685 10 8" 7
23.4 67 D 793 . 9 8 5
24.9 87 D 1490 12 11 10
223 78 B 793 17 9 7
25.1. 88 D 1174 1 - 12 8
25.5 91 D 1184 5 1 1




Choice of beam energy in large breast treatment @ L. J. DAS et al.

221

Hot spot dose at central axis and difference dose (error bar)

140
135 M
= 10MV y=1.5771x + 79.359
A 1MV *=0.4339
130 +
. _--Tl6MV
& 1254 =
2 ”"_,,
S * - y=1.0841x 4 82.559
- 120 t [
g, L I ¥ =05]68
3 1 =T T1O0MYV
g s A
—————— a
110 4 : _2%‘-; _____________ v=0.7016x 4 90.039
——————— 2 3
E = 0.3261
105 1 ; I 18 MV]
100 ——mipoo T— . ; ; ; ; .
20 21 220 23 24 25 26 27 28 29 30 31 32
Chestwall separation (cm)

Fig. 6. Plot of HSD vs. chest wall separation when 3D (multi-slice) dose calculation is performed.
The error bar indicates the differences in global hot spots to the central axis hot spot for various
energies. The fitted parameters and regression coefficients are also noted.

difference in the global hot spot for 3D calculation.
Using 6-MV photon beams, the maximum dose (> 10%)
in multi-slice calculation was noted in 50% of the pa-
tients (Table 1). However, using 10- and 18-MV beams,
HSD > 10% was found in only in 19% (3 patients) and
6%, (1 patient), respectively, when 3D multi-slice plan-
ning was used. The difference between the maximum
dose in the multi-slice planning and that in the 2D
planning calculation was not dependent on the chest wall
. separation, body weight, and preoperative bra cup size
and breast volume as shown in Table 1; When 3D data
was used, the dose inhomogeneity for 6-MV beam was
much greater than that for the 10- and 18-MV photon
beams, as noted in Fig. 6. Using 6-MV beams, the
maximum dose was seen in the —9 c¢cm or ~6 cm plane
cranial to the central in 81% (13 of 16) patients. How-

ever, with 10- and 18-MV beams, the HSD were seen in

the —9-cm or —6-cm plane in 15 patients,

DISCUSSION

Dose uniformity in the target volume is greatly
desired within * 5%. However, with low-energy beams
and wide separation of chest wall, often variation up to
15% is clinically tolerated in breast treatment. Dose inho-
mogeneity in breast tissue has been attributed to the lung
correction, size of the breast, and beam energy.'®2"?® Neal
et al.®® reported the positive correlation for breast dose
inhomogeneity vs. bra cup size, breast area, and chest

.wall separation. Incidentally, when women with large
breasts are planned and treated, high-energy beam is

needed (Figs. 2—4). In our experience, bra cup size was
not correlated with hot spots. On the other hand, body
weight and breast volume had a weak correlation with
dose inhomogeneity, given that we selected patients with
large breasts who had chest wall separation of more than
22 cm in this study. The chest wall separation, which is
easily acquired for treatment planning, was found to be
the most important factor for estimation of dose unifor-
mity in breast treatment.

- At some institutions, patients with large breasts are
treated with high-energy photon beams to achieve good
dose distribution. However, high-energy photon beams
reduce the subcutaneous dose because of the buildup
phenomenon. Using 3D planning with varying photon
energies, Solin et al® demonstrated that the use of
Cobalt-60 (*°Co) was associated with an increase in the
magnitude and volume of hot spots, and high-energy
photons, such as 10- and 15-MV, were associated with
less acceptable target coverage at shallow depths. A
Lucite beam spoiler or bolus can overcome the effects of
skin sparing of high-energy photon beam.??3! Wertheim
et al.>® evaluated 1000 mastectomy specimens histolog-
ically, and reported that the incidence of skin involve-
ment was uncommon in patients with early breast cancer.
Also, Monson et al.! reported that machine energy less
than 8 MV did not significantly affect treatment out-
come, such as skin and breast recurrences, without bolus
and beam spoiler. They reported skin failures represented
less than 1% of failures in each energy, which included
4-, 6-, and 8-MV photon beams. In our institution, high-
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energy photon beam with beam spoiler does not seem to
lead to high frequency of Iocal recurrence after breast
conservative therapy.

Das et al.?! reported that the HSD ranged between
115% and 125% depending on the treatment protocol
and breast size, and only 57% of the patient population
had hot spots of less than 10% on the central axis plane

using 6-MV photon beam. Buchholz et al.>® studied the

dose inhomogeneity of off-axis planes for breast cancer,
and suggested that in women with large breasts, a sig-
nificant volume of breast tissue receives both a daily
fractionated dose and a total dose of 10% or greater than
the prescription dose. It was also noted that the greatest
dose inhomogeneity occurred in the lower anatomical
quadrants of the breast. Incidentally, our data showed
that the greatest dose inhomogeneity was observed in the
upper anatomical quadrants, where separation could be
significant. The patients in our study were selectively cho-
sen to have large breasts (S > 22 cm), which might have
contributed to this difference. With the availability of 3D
data sets from CT simulation, such issues are insignificant,
because off-axis dose inhomogeneity should be considered
in the planning of tumor bed with proper lung correction.
Although this study does not provide clinical data for
cosmesis or outcome, hot spots play an important role
and should be avoided. The radiation outcome could also
be dependent on the difference normalization points (do-
simetry), fraction size, duration of treatment, the boost
technique, surgical techniques, and chemotherapy.
Various studies?’>* have analyzed the number of
CT slices for breast planning; however, a 3D study
provides a comprehensive data set to allow determina-
tion of global maximum and accurate inhomogeneity
correction, as noted by Chin et al®® The role of 3D
. treatment planning for breast cancer has become impor-
~ tant with the availability of CT data. A single slice (2D)
approach for breast planning does not provide adequate
knowledge of hot and cold spots, even though limited
slices analysis has been suggested.”’ The data presented
here could be used to estimate the expected HSD in a
central axis slice with various parameters, which may
lead to better decision making, either by changing the
technique, as suggested by various groups, from supine
to prone treatment,>>® or by increasing the beam en-
ergy. More refined treatment techniques such as the use
of proton beams, IMRT, and segmented therapy with low
energy have been proposed.>36-839-%5 However, for
most clinics, such options are not available, and the
simple 2D technique is still prevalent.

CONCLUSIONS

A correlation between chest wall separation and
HSD (dose heterogeneity) is presented for various photon
energies in simple tangential breast treatment (Fig. 2). This

_correlation provides an easy estimate in selecting beam
energy where high-energy photon beams may be useful

Volume 31, Number 3, 2006

to achieve good 2D and 3D dose distribution in patients
with large breasts. For an acceptable hot spot of 15%
in breast tissue, a chest wall separation > 22 cm may
require energy higher than 6 MV and for chest wall
separation > 28 cm, beam energy higher than 10 MV is
needed (Figs. 2 and 3). For the Japanese population, our
results show that low-energy beam could still be used for
the majority of the patients. Body weight could be a
surrogate for the breast size and chest wall separation,

. which is correlated with the hot spot and beam energy

(Fig. 3). Bra size is not correlated with the hot spot and
beam energy. A direct relationship is also provided when
breast volume is available and maximum dose in breast
with respect to beam energy is needed (Fig. 5). To
appreciate the magnitude of the hot spot in the entire
breast, single-slice approach should be avoided and a
3D dose distribution should be performed to appreci-
ate the dose to the tumor bed and the degree of dose
inhomogeneity.
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