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Figure 2. Pathological findings of pituitary biopsy specimen before RT. The primary tumor is composed of monomorphic cells showing mild to
moderate nuclear pleomorphism [hematoxylin and eosin, (a) 20x; (b) 40x].

Easy fatigability and hypotension continue from hos-
pitalization day due to lowering of the adrenal cortex
function following lowering of the pituitary function. So
in October 20, we increased the dose of adrenocortical
steroid drug (hydrocortisone, Cortril®) from 20 to
30 mg/m?. After that, systolic pressure increased up to
the normal level. Easy fatigability improved too. The
state of mania and disorientation, which appearing after
surgery, also became better slightly during her admission.

Postradiation radiological finding
According to MRI in 6 November (on the 2nd day after
the completion of RT), regarding the tumor with inter-

nal necrosis or cystic component located from clivus to
sella turcica and suprasellar region, cystic lesion
enlarged slightly but solid lesion itself tended to become
smaller, and the enhanced lesion paralleled with left
cerebral falx also tended to become better slightly, and
hydrocephalus could not be seen.

Reoperation

In 30 March (on the approximately 5th month after the
completion of RT), she received transnasal tumor
resection to depress intracranial pressure. Its histology
revealed that necrotic tissue made up approximately
more than half. Tumor had viable cells. Probably

'

Figure 3. MIB-1 immunostaining of pituitary biopsy specimen before RT, 20x. MIB-1 LI = 24.1%. Proliferation indices were calculated as the
percentage of labeled tumor nuclei per total tumor nuclei counted, in the area of greatest tumor labeling.
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Figure 4. Linacgram (one monitor unit irradiation) in dynamic conical

parasellar area. [(1) anterior-posterior direction; (2) lateral direction.]

approximately three-fifth of tumor cells were without
alteration and approximately two-fifth were with
degeneration (Figure 5). Immunohistochemically, there
was no remarkable change in p53, p21, chromogranin
A, PRL, MIBI1-LI, and tunnel.

On the sixth month after RT, tumor around cavern-
ous sinus grew bigger and she became completely blind.
In May 24, she received transnasal ventriculo-peritoneal
shunt surgery for hydrocephalia. Its histology revealed
that it was a fibro-fatty tissue accompanied with bleed-
ing. The tumor cell was hyperchromatic and short of
cellularity. Such tumor cell was proliferating with
remarkable bleeding necrosis. Although there were
many cells that had changed into degeneration and
necrosis, viable tumor tissues remained to be seen. The
morphology was similar to the previous findings.

Dissemination and death
MRI in 11 June (Figure 6) revealed that band of
enhanced lesions in midbrain, pons, medulla, and the

| conformal radiotherapy using a c-arm-mounted for the sellar and

surface of bilateral temporal lobe were recognized,
which was thought of as meningeal seeding. Enhanced
nodule was recognized at the bottom of the left temporal
lobe too, which was thought of as metastasis.

At June 22, she died of brain symptom. Survival time
from present to death was approximately 10 months.

Discussion

Pituitary carcinomas are rare neoplasms distinguished
from invasive adenomas by the presence of craniospinal
and/or systemic metastases. Also in our case, intracra-
nial metastases were recognized at 10 months after the
onset of symptoms.

In this case, the histological change after RT was
thought of as an influence from RT not surgery nor
natural course of the tumor. On the approximately 5th
month after completing RT, its histology revealed that
necrotic tissue made up approximately more than half.

Figure 5. Pathological findings of pituitary biopsy specimen after RT. Necrotic tissue made up approximately more than half. Tumor had viable
cells. Probably approximately three-fifth of tumor cells were without alteration and approximately two-fifth were with denaturalization
(hematoxylin and eosin).



Figure 6. MRI (axial, T1-weighted), with gadolinium enhancement on
the 10th month after completing RT. Band of enhanced lesions in
midbrain, pons, medulla, and the surface of bilateral temporal lobe
were recognized, which was thought of as meningeal seeding.
Enhanced nodule was recognized at the bottom of the left temporal
lobe too, which was t{lought of as metastasis (arrowhead).

But viable cells were also residual in two-fifth of tumor
cells. Additionally we performed tunnel stain in order to
detect the presence of plasmotomy and injury of nuclear
DNA. In the nucleus of postirradiated cells, tunnel stain
remained to be negative. It was confirmed by using
tunnel stain that the cells lapsing into apoptosis didn’t
increase and in other words this state of post irradiation
cell wasn’t a cell death caused by apoptosis. Necrosis
post irradiation occurred but it wasn’t confirmed that
the phenomenon of apoptosis happen actually.

In our case, serum PRL level before treatment was
slightly high. Additionally immunohistochemically,
PRL was weakly positive in part of the tumor. Our
tumor may be a PRL-producing pituitary carcinoma.
Fifty-two cases, which have been reported in the litera-
ture published in English to date, include 30% PRL-
producing tumors [2]. Pernicone et al. [2] reported that
patients with PRL cell tumors presented most com-
monly with headache and visual field deficits and
amenorrhea and galactorrhea were noted in one each
out of 7 patients. Our case also presented with amen-
orrhea, a severe headache, and a narrow visual field.

Expression of the Ki-67 antigen, which occurs during
the S, M, and G1 phases of the cell cycle and is dem-
onstrated with the MIB-1 antibody (which detects o
nuclear antigen expressed by proliferating cells during
the entire cell cycle), was quantified in the primary
tumors. Indices of MIB-1 were often high (< 1-40%) in
carcinomas [1, 2, 4-7]. The values obtained for our
patient indicate above-average labeling for the primary

tumor, which correlates well with the rapid growth of

the metastasis.

Because such labeling indices do not account for
ongoing apoptosis in tumors and are subject to varia-
tions in technical interpretation and to sampling errors.
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they are better used as predictors of tumor behavior for
populations of patients, rather than predictors of the
behavior of any particular tumor.

In a large series of pituitary tumors, including non-
invasive and invasive adenomas as well as carcinomas,
Thapar et al. [4] reported significant differences in MIB-1
mean LI. Aside from considerable case-to-case
variations, these authors established a cutoff value of 3%
to separate indolent adenomas from ones exhibiting more
aggressive behavior. This threshold is generally viewed as
a reliable indicator of clinical outcome [4].

Abnormal accumulation of p53 protein was not
observed in our case. The p53 tumor suppressor gene is

thought to play a role in the development or evolution

of adenohypophysial neoplasms. Deletion of one gene
copy and/or mutation of the remaining copy interferes
with its normal suppressive activity and has been found
to occur in a variety of neoplasms, including colorectal,
brain, breast, lung, bone, soft tissue, testis, and bladder
tumors [8, 9]. A recent study from a laboratory dem-
onstrated p53 overexpression in most pituitary carci-
nomas [10]. Pituitary carcinoma lacking accumulation
of p53 protein is very rare, only three such cases being
previously reported, but may occur in the absence of p53
accumulation [11].

Pituitary carcinomas are associated with a poor
prognosis. They often undergo extensive dissemination,
exhibit a poor response to radiation and chemotherapy,
and result in death within 1 year of diagnosis. The lit-
erature further suggests that patients with systemic dis-
ease have poorer survival than those with craniospinal
spread. Clinically non-functionally pituitary carcinomas
occasionally demonstrated synchronous presentation
[12, 13] but otherwise exhibited intervals to metastasis
ranging from 2 months [14] to 148 months [15]. The
survival times after initial presentation also varied
widely. The longest surviving patient reported was still
alive 72 months after diagnosis of the metastasis [16],
but several patients survived 6 months or less after the
onset of metastasis [17, 18]. Once metastases occurred,
the new carcinomas were rapidly fatal, the mean sur-
vival period was 2.6 years in patients with craniospinal
metastases, usually to the subarachnoid space or dura,
and 1 year in those with extraneural spread, usually to
liver, bone, and lung [3]. In our case, survival time from
present to death was approximately 10 months and
survival from the onset of dissemination to death was a
few weeks, which was shorter than most of previous
reports.

The only pituitary carcinomas previously demon-
strated in radionuclide scans included one GH-secreting
tumor and two prolactin-secreting tumors [19-21]. In
our case, the PET study before treatment revealed that
no uptake was detected in the pituitary carcinoma. We
surmise that because in our case the tumor had a lot of
liquid and interstitial component, that is, necrotic and
cystic component and little material part according to
histopathology, in the PET the uptake of the tumor was
remarkably lower than that of surrounding normal
brain tissue.

Pituitary carcinomas can follow unpredictably indo-
lent or fulminant courses. Tailoring appropriate therapy
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for individual patients can therefore be difficult. Cyto-
toxic chemotherapy in setting has been reported by
others but has demonstrated limited success in control-
ling tumor growth or hormonal hypersecretion. Because
no standard regimen exists, a number of drugs have
been tested, in a variety of combinations. No objective
response was achieved in the majority of cases. RT
generally provides only palliation. In our case, because
the lesion was confined to the pituitary without systemic
metastasis and the patient compliance was poor, the
patients did not receive chemotherapy.

In our pituitary carcinoma, MIB-1 LI was relatlvely
high (24.1%), pathologically approximately 2/5 of tu-
mor cells were viable cells even after RT (60 Gy in 30
fractions) and survival time was very short (approxi-
mately 10 months). Probably this was not independent.
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Abstract Purpose: Previously, we conducted a nation-
wide survey of primary central nervous system lym-
phoma (PCNSL) treated between 1985 and 1994 in
Japan. In the present study, we conducted further
investigations of PCNSL patients treated between 1995
and 1999 to clarify possible changes with time in the
clinical features, treatment, and outcome of this disease.
Methods: Thirteen Japanese institutions were surveyed,
and data on 101 patients with histologically-confirmed
PCNSL were collected. These data were compared with
those of 167 patients treated at the same institutions
between 1985 and 1994. Results: Regarding patient and
tumor characteristics, the proportion of patients with
good performance status (PS) was significantly higher in
the group treated during 1995-1999 than in that treated
during 1985-1994, but other characteristics were not
significantly different. Regarding treatment, more
patients in the more recent period (66%) received sys-
temic chemotherapy than those in the preceding period
(53%, P = 0.049). For all patients, including those who
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did not complete radiotherapy, the median survival time
was 17 months and 30 months in patients treated
between 1985 and 1994 and those treated between 1995
and 1999, respectively, and the 5-year survival rate was
15% versus 31% (P = 0.0003). In both patient groups,
higher age and tumor multiplicity were associated with
poor prognosis in multivariate analysis. In patients
treated between 1995 and 1999, those who received
systemic chemotherapy showed significantly better
prognosis than those who did not (P = 0.0049), but the
difference was not significant in multivariate analysis (P
= (.23). Conclusions: The high survival rates observed
in the present survey are comparable with those of recent
prospective studies employing intensive chemoradio-
therapy. The improvement in prognosis appeared to
result, at least in part, from the increase in the propor-
tion of patients with better PS. Since the clinical feature
and treatment outcome of patients with PCNSL can
thus change with the era, historical control data should
not be used in comparing different treatment modalities.

Keywords Brain neoplasm - Lymphoma - Primary CNS
lymphoma - Radiotherapy - Chemotherapy

Introduction

Primary central nervous system lymphoma (PCNSL) is
increasing and is becoming one of the most important
tumors in neuro-oncology. Radiation therapy has been
the standard treatment for PCNSL until recently, but
the outcome of patients treated by radiation alone has
not necessarily been satisfactory (Shibamoto et al. 1990;
Reni et al. 1997; Hayabuchi et al. 1998; Nelson 1999).
More recently, the use of high-dose methotrexate
(MTX)-containing chemotherapy before radiation
appeared to have gained some success in obtaining



352

long-term survival (Glass et al. 1994; Blay et al. 1998;
Brada et al. 1998; Abrey et al. 2000; Ferreri et al. 2000;
O’Brien et al. 2000; Reni et al. 2001; Bessel et al. 2001;
Caldoni & Aebi 2002; DeAngelis et al. 2002). However,
there has been no randomized trial suggesting the
superiority of the combined modality treatment over
radiation therapy alone, and a recent study by a German
group suggested a high rate of progressive disease during
treatment with 6 courses of 8 g/m~ of MTX (Herrlinger
et al. 2002). Therefore, the benefit of high-dose MTX
appears to remain uncertain. Since the clinical features
of PCNSL appear to be changing with time, it may not
be reasonable to consider that combined MTX-con-
taining chemotherapy and radiation is superior to radi-
ation alone, by comparing the results of combined
treatment with the historical control data in patients
treated by radiation therapy alone.

Previously, Hayabuchi et al. (Hayabuchi et al. 1998)
conducted a nationwide survey of PCNSL in Japan
treated between 1985 and 1994. The findings on 466
patients were previously published. Considering the
increasing importance of this disease, we organized a
research group consisting of 13 institutions to carry out
both retrospective and prospective studies on PCNSL.
As a first study of this group, we collected data on
PCNSL patients treated between 1995 and 1999 at these
institutions. In addition to analyzing these data on 101
patients, we compared the data with those on 167
patients from the previous survey treated between 1985
and 1994 at the same institutions, to investigate changes
in the clinical feature, treatment modality, and outcome
between these eras.

Materials and methods

Subjects of the present survey were patients with histologically-
proven PCNSL who received radiation therapy between 1995 and
1999. Those who did not complete the planned radiotherapy were

Table 1 Patient, tumor, and treatment characteristics

inciuded. Clinical characteristics, treatment and prognosis of each
patient shown in the Results section were asked using a detailed
questionnaire. Data on 101 patients were collected from 13 insti-
tutions. For comparison, data on 167 patients treated in the pre-
ceding 10 years, i.e., between 1985 and 1994, at the same
institutions were obtained from the data source of the previous
nationwide survey (Hayabuchi et al. 1998) and were analyzed. Data
regarding tumor size (maximum diameter at diagnosis and before
radiation therapy) was asked for in the present survey, which had
not been done in the previous survey. As often happens with such a
survey, a number of the items were unanswered by the investiga-
tors. Various chemotherapy regimens had been used, and were
categorized as follows: (A) cyclophosphamide, vincristine, and
prednisolone (COP) or COP plus doxorubicin (CHOP/VEPA); (B)
intravenous methotrexate (MTX) alone or MTX-containing regi-
mens. The drugs included in regimen A had often been used in
combination with MTX, and such regimens were categorized into
this group; (C) cytarabine plus procarbazine, (D) nitrosourea-
containing regimens. Some of the drugs in regimen A had been
used in combination with nitrosoureas, and such regimens were
included in this group. When MTX had been used in combination,
the regimen was categorized into group B; (E) cisplatin plus
etoposide; and (F) Single use or combination of miscellaneous
other agents not included in the above groups. For analysis of
treatment results, regimens C-F were grouped together. Differences
in patient, tumor, and treatment characteristics between groups
were examined by Fisher’s exact test.

Survival rates were calculated from the date of starting radio-
therapy using the Kaplan-Meier method, and differences in pairs of
survival curves were examined by the log-rank test. Multivariate
analysis of prognostic factors was carried out using the Cox pro-
portional hazards model. In doing muitivariate analysis, patients
were divided into two groups, and all the parameters were entered
as dichotomous variables. All statistical analyses were carried out
using a computer program, Stat View Version 5 (SAS institute,
Cary, NC, USA).

Results

Table | shows patient, tumor, and treatment charac-
teristics in the two groups treated between 1985 and
1994 and between 1995 and 1999. There were more
patients with better WHO performance status (PS) score
in the group treated between 1995 and 1999 than in the

Characteristic 1985-1994 1995-1999 P

Gender Male/female 97/70 67/34 0.20

Age (years) <60/2 60 83/84 53/48 0.71
Median (range) 60 (15-84) 59(15-84)

Performance status 0-2/3.4 69/95 60/41 0.0078

Lactate dehydrogenase Normal/high 49/34 50/30 0.75

B symptom Yes/no 16/133 11/81 0.83

Phenotype B/T 75/8 79/6 0.59

Tumor number Single/multiple 103/63 56/43 0.44

Maximum tumor diameter At diagnosis - 3(1.5-9)

Median (range) (cm) Before radiation - 3(0-9)

Radiotherapy Completed/not completed 158/9 97/4 0.77

Radiation field Whole brain/partial brain 146/21 92/9 043

Spinal radiation Yes/no 15/152 4/97 0.15

Total dose (Gy) <50/250 54/113 28/73 0.49
Median (range) 50 (2-70) 50 (6-80)

Whole-brain dose (Gy) <40/240 70/97 42/59 1.0
Median (range) 40 (0-54) 40 (0-60)

Chemotherapy Yes / no 78/70 65/34 0.049




Table 2 Chemotherapy regimens (COP cyclophosphamide, vin-
cristine and prednisone, CHOP/VEPA COP plus doxorubicin)

Regimen 1985-1994 1995-1999
COP, CHOP/VEPA 35 (45%) 25 (38%)
Methotrexate-containing regimens 18 (23%) 27 (42%)
Cytarabine and procarbazine 0 . 7 (11%)
Nitrosoured-containing regimens 13 (17%) 2 (3%)
Cisplatin and etoposide 8 (10%) 4 (6%)
Miscellaneous drugs 4 (5%) 0

group treated in the preceding 10 years, but the other
patient and tumor characteristics did not differ signifi-
cantly between the two groups. Radiotherapy charac-
teristics were similar between the two groups. During
both study periods, more than 85% of the patients were
treated with whole-brain irradiation with or without
focal boost, and the median total and whole brain doses
were 50 Gy and 40 Gy, respectively. Whole spinal irra-
diation was employed in less than 10% of the patients.
On the other hand, more patients seen between 1995 and
1999 received systemic chemotherapy than those seen
between 1985 and 1994 (66% vs 53%, P = 0.049).
Table 2 shows chemotherapy regimens used in the two
groups. The use of MTX-containing regimens appeared
to be increasing recently. However, a high dose of MTX
(>2 g/m? per administration) was used in only 14 pa-
tients (14% of all patients) treated between 1995 and
1999.

Figure | shows overall survival curves for all patients
in the two groups. Patients in the present survey had
significantly better survival rates than those in the pre-
vious survey (P = 0.0003); median survival time was 30
vs 17 months, and the 3-year survival rate was 46% vs
24%. The 5-year survival was 31% and 15%, respec-
tively. Table 3 summarizes survival data in the two
groups according to potential prognostic factors. In
both study periods, patients with ages <60 years, PS 0-
2, or a single tumor showed significantly higher survival
rates. Patients with normal lactate dehydrogenase
(LDH) levels or without B symptom had better prog-
noses than those with high LDH level or with B symp-
tom, respectively, in the group treated between 1995 and
1999, but not in those treated during 1985-1994.

To analyze the influence of treatment-related factors
on outcome, patients who did not complete radiother-
apy (and died soon) were excluded. In patients treated
between 1985 and 1994, those who received partial-brain
radiation, spinal radiation, or whole-brain dose <40 Gy
showed better prognoses, but these phenomena were not
observed in patients treated between 1995 and 1999.
Figure 2 shows survival curves according to the treat-
ment modality, i.e., radiation alone vs radiation plus
chemotherapy. In patients treated between 1985 and
1994, the two groups showed similar prognoses. In pa-
tients treated between 1995 and 1999, however, those
who received radiation plus chemotherapy showed
significantly better survival than those who received
radiation alone. Among these patients, 61% of the
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Fig. 1 Survival curves for patients with primary central nervous
system lymphoma treated between 1985 and 1994 (- - -e- - -) and for
those treated between 1995 and 1999 ( O ). The
difference was significant (P = 0.0003)

patients who received radiochemotherapy were younger
than 60 years, but 39% of those treated with radiation
alone were younger than 60 years (P = 0.050). Similarly,
64% of the patients who received radiochemotherapy
had a PS 0-2, but 55% of those treated with radiation
had a PS 0-2 (P = 0.50). Figure 3 shows survival curves
according to the chemotherapy regimens. In patients
treated between 1985 and 1994, there was no significant
difference in survival curves according to the regimens.
On the other hand, there was an overall difference
in those treated between 1995 and 1999 (P = 0.018).
Patients receiving MTX-containing regimens showed
better survival than those treated with CHOP/VEPA or
COP (P = 0.007]).

Multivariate analyses were performed for potential
prognostic factors, which were significant in univariate
analyses (Table 4). Factors concerning the radiation
field and spinal radiation were not included because of
the small number of patients in one of the groups. In
both patient groups treated during 1985-1994 and 1995-
1999, age and tumor number were suggested to be sig-
nificant prognostic factors. PS and LDH level did not
reach statistical significance. The radiation dose to the
whole brain and chemotherapy did not prove significant
in patients treated between 1985 and 1994, and in those
treated between 1995 and 1999, respectively.

Discussion

The most significant finding of this study appears to be
that patients treated between 1995 and 1999 showed a
significantly better prognosis than those treated between
1985 and 1994. Comparison of the patient and tumor
characteristics revealed that there were more patients
with better PS between 1995 and 1999 than between
1985 and 1994. This may be due to the earlier diagnosis
of the disease in recent years and improvement in gen-



354

Table 3 Survival data according to potential prognostic factors (MST miedian survival time in months, 5-YSR 5-year survival rate)

1985-1994 1995-1999
Prognostic factor n MST 5-YSR(%) P n MST 5-YSR(%) P
Gender Male 97 15 8.7 0.13 67 32 31 0.62
Female 70 22 23 34 28 33
Age (years) <60 83 20 22 0.0057 53 44 45 0.0052
2 60 84 13 6.8 48 23 15
Performance status 0-2 69 24 18 0.0015 60 37 32 0.024
34 95 11 13 41 12 30
B symptom Yes 16 10 7.5 0.30 11 14 18 0.027
No 133 18 17 81 36 35
Lactate Normal 49 22 31 0.17 50 55.5 43 0.0084
dehyrdogenase High 34 21 5.8 30 20.5 Q0
Tumor number Single 103 22 19 0.0021 56 55.5 43 0.0083
Multiple 63 11 7.9 43 26 17
Tumor size (cm)® < 3cm - - - - 51 32 33 0.95
>3 cm - - - 41 37 31
Radiation field Whole brain 139 17 12 0.026 89 30 31 0.99
Partial brain 19 35 38 8 35 (33)
Spinal radiation Yes 15 3t 37 0.042 4 - (50) 0.69
No 143 17 13 93 30 30
Total dose (Gy) <50 45 16 22 0.79 24 29.5 26 0.16
> 50 113 18 13 73 36 32
Whole-brain dose <40 61 24 22 0.025 38 32 26 0.83
(Gy) 240 97 14 i1 59 30 32
Chemotherapy Yes 65 18 19 0.63 64 38 40 0.0049
No 74 19 14 31 25 (14)
# Maximum tumor diameter before radiation
® Figures in parentheses are 4-year survival rate
1 1985-1994
11 1985-1994
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51
] ‘?ﬁ
w3 > 07
> 0 - o et ¥ 2‘4 i T T =
o v 7 v e v . E 48 72 96 120
t 0 24 48 72 96 120 3 1 1995.1999
=% x -
2 1995-1999
bovocmenneGpronedd
99
.5 1
01 o1, . . .
") 2‘4 4IB T 24 a8 72
72
M h Months
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. ) . Fig. 3 Survival curves according to chemotherapy regimens.
Fig. 2 Survival curves according to the treatment modality. @) . cyclophosphamide, vincristine, prednisolone +
: patients treated with radiation alone, - - -e- - - ©  doxorubicin, - - -e- - - : methotrexate-containing regimens, - - -A- - -

patients treated with radiation and chemotherapy. The difference
was significant in the group of patients treated between 1995 and

1999 (upper panel, P = 0.63; lower panel, P = 0.0049)

: other regimens. The difference among the curves was significant in
the group of patients treated between 1995 and 1999 (upper panel,
P = 0.32; lower panel, P = 0.018)
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Table 4 Multivariate anayses for potential prognostic factors that were significant in univariate analysis

Factor

1985-1994 (n= 154)

1995-1999 (n= 72)

P Relative risk P Relative risk
Age (<60 vs 2 60 years) 0.036 1.48 (1.03-2.15)° 0.047 2.07 (1.01-4.22)
Performance status (0-2 vs 3,4) 0.13 1.36 (0.92-2.01) 0.13 1.77 (0.85-3.68)
Lactate dehydrogenase (normal vs high) - - 0.13 1.70 (0.86-3.34)
Tumor number (single vs multiple) 0.0093 1.67 (1.13-2.45) 0.0032 2.82 (1.42-5.62)
Whole-brain dose (<40 vs 2 40 Gy) 0.22 1.28 (0.86-1.91) - -
Chemotherapy (yes vs no) - - 0.23 1.53 (0.32-1.31)

*Figures in parentheses are 95% confidence intervals

eral care including corticosteroid therapy and less
aggressive surgery. Since PS was a significant prognostic
factor in univariate analysis, it is suggested that the in-
crease in the proportion of better PS patients may, at
least in part, have contributed to the improvement in
prognosis in patients treated between 1995 and 1999.
Age, PS, and tumor multiplicity are well-known
prognostic factors for PCNSL (Corry et al. 1998; Hay-
abuchi et al. 1998; O’Brien ¢t al. 2000), The present re-
sults of univariate analyses agree with these previous
observations, although the influence of PS did not reach
a significant level in multivariate analysis. Patients with
a high LDH level treated between 1995 and 1999 showed
a poorer prognosis than those with a normal LDH level
in univariate analysis. However, LDH was not a sig-
nificant factor in patients treated between 1985 and
1994, as also shown in the multivariate analysis of pa-
tients treated between 1995 and 1999. The previous
analysis of 466 patients in the nationwide survey sug-
gested an association of high LDH level and poor
prognosis in both univariate and multivariate analyses
(Hayabuchi et al. 1998), so LDH may be a potential
prognostic factor which is certainly weaker than age, PS,
and tumor multiplicity. A similar finding was obtained
regarding B symptom. In the newer survey, we investi-
gated the influence of tumor size, but it did not appear to
have a significant influence on patient outcome.
Regarding the method of radiation therapy, patients
who were treated with a partial-brain field showed a
better prognosis than those treated with a whole-brain
field in the group treated between 1985 and 1994. Shi-
bamoto et al. (Shibamoto et al. 2003) recently discussed
the possible benefit of using partial-brain irradiation,
especially in patients with a single lesion. Due to the
retrospective nature of the present study and the small
number of patients who received partial-brain irradia-
tion, no conclusion should be drawn regarding radiation
field, but avoiding whole-brain radiation may be a
future topic in the treatment of PCNSL. The observa-
tion in the earlier period that patients who received
spinal radiation and those who received whole-brain
doses of less than 40 Gy had a better prognosis are
paradoxical, and it is suggested that these observations
would represent patient selection bias, which is often
seen in retrospective analysis. As has been suggested by

previous findings (Nelson et al. 1992; Hayabuchi et al.
1998), a higher dose of radiation did not appear to be
associated with survival improvement.

In patients treated between 1985 and 1994, those who
received radiation alone and those who received
radiation plus chemotherapy showed a similar progno-
sis. On the other hand, in patients treated between 1995
and 1999, those who received radiation plus chemo-
therapy had a significantly better prognosis than those
who received radiation alone. However, the effect of
chemotherapy was not significant in multivariate anal-
ysis. Since younger patients were more often treated with
combined radiation and chemotherapy, this may be one
of the reasons why the effect of chemotherapy was not
supported by multivariate analysis. Analysis according
to chemotherapy regimens suggested a possible advan-
tage of MTX-containing regimens over conventional
CHOP or similar regimens. Several studies have
suggested the ineffectiveness of CHOP or similar regi-
mens, especially when given before radiation (Schultz
et al. 1996; O’Neill 1999; Mead et al. 2000), although
post-radiation CHOP requires further investigation
(Shibamoto et al. 1999). The present findings suggest
that systemic chemotherapy with weak or moderate
intensity may not be beneficial in PCNSL.

The findings of the present study revealed that the
treatment outcome for PCNSL varies greatly with the
era. Although most of the chemotherapy regimens used
were of mild or moderate intensity and only 14% of
the patients received high-dose-MTX-containing che-
motherapy, the 5-year survival rate of 31% for all
patients treated between 1995 and 1999 (including
those who did not complete radiotherapy) were equal
to that recently reported by the Radiation Therapy
Oncology Group (DeAngelis et al. 2002) or those of
other series using intensive combined modality treat-
ment including high-dose MTX (Brada 1998; Bessell
et al. 2001). Therefore, it appears to be inappropriate
to discuss the usefulness of treatment modality by
comparing with the historical control data. There have
been no major randomized studies, except for a small
one (Mead et al. 2000), regarding the benefit of com-
bining chemotherapy with radiation, but to confirm the
efficacy of chemotherapy, randomized studies appear to
be necessary.
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BAGKGROUND. Prophylactic cranial irradiation (PCI) reduces the incidence of brain
metastasis with an effect on overall survival in patients with small cell lung
carcinoma (SCLC). In spite of multidisciplinary intensive treatment approaches,
many patients still experience brain metastasis. The authors retrospectively ana-
lyzed the characteristics of the first failure event due to brain metastasis (FBM) in
patients treated with PCL

METHODS. Between January 1990 and April 2004, 71 patients with limited disease
SCLC were treated with PCI after completing systemic treatment at the National
Cancer Center Hospital (Tokyo, Japan). Univariate and multivariate analyses were
used to identify factors related to FBM and survival,

RESULTS. The FBM and overall incidence of brain metastasis (OBM) were 16.9 %
(12 of 71) and 26.8% (19 of 71), respectively. Median time to progressive disease
and median survival were 8.4 months and 21.6 months, respectively. Elevation of
pro-gastrin—releasing peptide (Pro GRP) level before PCI was found to be a signif-
icant predictive and prognostic factor for FBM, OBM, and survival on multivariate
analysis (P = 0.007, P = 0.025, and P = 0.009, respectively).

CONCLUSIONS. An elevated Pro GRP level before PCI was found to be significantly
related to FBM and survival, and should be considered before PCI is performed.
Cancer 2005;104:811-6. © 2005 American Cancer Society.

KEYWORDS: prophylactic cranial irradiation, small cell lung carcinoma, limited
disease, predictive factor, pro-gastrin-releasing peptide.

mall cell lung carcinoma (SCLC) accounts for approximately 20%

of all lung carcinomas.' Although SCLC rapidly develops distant
metastasis, it is very sensitive to chemoradiotherapy, unlike non-
SCLC. Limited disease SCLC is clinically confined to the hemithorax,
and chemoradiotherapy is the standard treatment. In patients with
limited disease SCLC, chemotherapy combined with thoracic radio-
therapy yields complete remission (CR) rates of 50-85%, with a me-
dian survival time of 12-20 months.>* The 5-year survival rate is
reported to be 26% for patients who have CR.? Because chemoradio-
therapy reduces the risk of intrathoracic disease recurrence, distant
metastasis in the brain has been the main cause of disease recurrence.
Although only 10% of patients have brain metastasis at the time of
diagnosis, the cumulative incidence at 2 years is > 50%.”° As many as
73% of patients develop clinically apparent central nervous system
metastases before death,”® and even higher rates are documented in
autopsy series.® The brain is the initial site of disease recurrence in 5-

Published online 22 June 2005 in Wiley interScience (www.interscience.wiley.com).
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33% of patients, and is the only site of disease recur-
rence in = 20% of patients.'®!! ‘

Although several randomized trials of prophylac-
tic cranial irradiation (PCI) have attempted to reduce
the risk of brain metastasis and to improve survival, to
our knowledge its role in the management of patients
with SCLC has remained controversial according to
the results of each trial.'>™"*

Recently, the metaanalysis of these trials compar-
ing PCI with no-PCI found that PCI led to a small but
significant absolute reduction in mortality (5.4%), and
that PCI not only significantly reduced the risk of brain
metastasis, but also improved both overall survival
(0S) and disease-free survival among patients with
SCLC in CR."® These results suggest that PCI should be
considered as a part of the standard treatment for
patients with limited disease SCLC who achieved CR
or good partial remission (PR).

Although PCI was performed for patients who
achieved CR or good PR as part of the combined
treatment that consisted of chemotherapy and tho-
racic radiotherapy, brain metastasis occurred in
4-24% of the treated patients.®'** Whole-brain irra-
diation (WBRT) for brain recurrence was often difficult
because these patients had already received PCI to the
whole brain. Therefore, we should strictly consider
PCI for patients who could achieve a true CR, as as-
sessed with diagnostic imaging. In addition, we should
be careful to follow the patients who have a high risk
of brain recurrence after PCL

To our knowledge, there are no previous reports
that describe the characteristics of patients with brain
metastasis after PCIL. In the current study, we analyzed
retrospectively predictive factors for brain metastasis
in patients with limited disease SCLC treated with PCI.

MATERIALS AND METHODS

Patients

A total of 71 patients with limited disease SCLC were
treated with PCI after chemoradiotherapy for primary
disease between January 1990 and April 2004 at the
National Cancer Center Hospital (Tokyo, Japan). Fifty-
four patients were male, and the median age was 62
years old (range, 40-75 years).

Histologic or cytologic examination confirmed the
diagnosis of SCLC in all patients. Before the initiation
of systemic treatment, staging was performed using
computed tomography (CT) or magnetic resonance
imaging (MRI) scans of the chest, abdomen, and
brain, as well as radionuclide bone scanning and bone
marrow aspiration and biopsy. Limited disease was
defined as being limited to one hemithorax, medias-
tinal, hilar, or supraclavicular area, which could be
encompassed within a reasonable single radiation

portal. Patients with pleural effusion found on chest
films or CT scan were excluded.

Tumor response was classified in accordance with
the World Health Organization (WHO) criteria.'® After
systemic treatment, including thoracic radiotherapy,
PCI was administered to patients with CR or good PR
according to the results of chest radiography and CT
or MRI scans of the head, chest, and abdomen.

Thoracic Radiotherapy
The majority of patients (n = 55 [77.5%]) received
accelerated twice-daily thoracic radiotherapy com-
prised of 45 gray (Gy) in 1.5-Gy fractions. The remain-
ing patients (n = 16 [22.5%]) received once-daily ra-
diotherapy, 50 Gy in 2-Gy fractions. Radiotherapy was
performed 5 days per week, excluding weekends and
holidays. Sixty of the 71 patients received concurrent
chemoradiotherapy, which began on Day 2 of the first
cycle of combination chemotherapy as cisplatin (80
mg/m?, Day 1) plus etoposide (100 mg/m?, Days 1, 2,
and 3). The other patients received sequential thoracic
radiotherapy after the forth cycle of chemotherapy.
The initial field included the primary tumor vol-
ume with a 1.5-cm margin around the mass, the ipsi-
lateral hilum, the entire width of the mediastinum,
and the supraclavicular lymph nodes (only if there was
tumor involvement).

Chemotherapy

All patients received cisplatin combination chemo-
therapy. After concurrent chemoradiotherapy, 34 pa-
tients received 3 cycles of cisplatin plus etoposide, 17
patients received CODE therapy (cisplatin at a dose of
25 mg/m* weekly for 6 weeks; vincristine at a dose of
1 mg/m? during Weeks 2, 4, and 6; and doxorubicin at
a dose of 40 mg/m? and etoposide at a dose of 80
mg/m? for 3 days during Weeks 1, 3, and 5), and 9
patients received 3 cycles of cisplatin (60 mg/m? Day
1) plus irinotecan (60 mg/m? Days 1, 8, 15). In pa-
tients treated with sequential radiotherapy, five pa-
tients received four cycles of cisplatin plus etoposide,
four patients received four cycles of cisplatin plus
irinotecan, and two patients received four cycles of
cisplatin containing combination chemotherapy, op-
timized for each patient.

Prophylactic Cranial lrradiation
All patients who achieved CR (n =40 [56.3%]) or good
PR (n = 31 [43.7%)]) were treated with PCI. The median
time between the initiation of systemic induction
treatment and the initiation of PCl (duration) was 3.7
months (range, 2.6-7.5 months).

The target volume was the entire intracranial site.
Individual shaped ports with multileaf collimators



were used to define the irradiation target volume.
Patients were treated using a megavoltage linear ac-
celerator with 4-6 megavolt (MV) photons. Treatment
was delivered with equally weighted right and left
lateral fields, with the dose calculated on the central
ray at mid-separation of the beams.

Of the 71 patients who received PCI, the majority
of patients (52 of 71 [73.2%]) received 25 Gy in 2.5-Gy
fractions daily, 12 patients received 30 Gy in 2-Gy
fractions daily, 6 patients received 24 Gy in 1.5-Gy
fractions twice daily, and 1 patient received 36 Gy in
2-Gy fractions daily. All PCI was performed a total of 5
days per week. The treatment was administered with a
linear accelerator of 6 MV (n = 53 patients) or 4 MV (n
= 18 patients). The median follow-up time after PCI
was 16.3 months (range, 1.4-113.6 months).

Statistical Analysis

The first failure event due to brain metastasis (FBM)
was defined as brain metastasis as a first event after
PCI, and the overall incidence of brain metastasis
(OBM) was defined as the overall incidence of brain
metastasis found throughout the clinical course after
PCI. Clinical and laboratory variables before PCI were
chosen by considering possible factors indicated by our
own experience. We determined the predictive factors
for FBM and OBM using both univariate (Pearson chi-
square test/Fisher exact test) and multivariate analysis.

Before PCI, 9 categorized variables for multivari-
ate analysis were selected, as follows: gender (male vs.
female), age (< 60 vs. = 60 years), response to sys-
temic treatment (CR vs. good PR), time between the
start of systemic treatment and the start of PCI (dura-
tion: < 4 months vs. = 4 months), hemoglobin level (<
10 g/dL vs. = 10 g/dL), lactate dehydrogenase level (=
229 U/L vs. > 229 U/L), C-reactive protein (= 0.1
mg/dL vs. > 0.1 mg/dL), neuron-specific enolase
(NSE) (= 10 ng/mL vs. > 10 ng/mL), and pro-gastrin—
releasing peptide (Pro GRP) (= 46 pg/mL vs. > 46
pg/mL).

Time to progressive disease (PD) was measured
from the first day of PCI until PD or the last day of
follow-up without PD, and OS time was measured
from the first day of PCI until death or the last day of
follow-up. Median time to PD and median OS were
estimated using the Kaplan-Meier method. Prognostic
factors were evaluated by multivariate analysis. All
statistical analyses were performed using SPSS version
12.0] (SPSS Inc., Chicago, IL).

RESULTS

Incidence of Brain Metastasis

FBM and OBM were observed in 16.9% (12 of 71; 95%
confidence interval [95% CI], 8.2-17.3%) and 26.8% (19

Predictive/Prognostic Factors in PCl/Yonemori et al. 813

TABLE 1
Univariate Analyses of Pretreatment Variables for FBM and OBM
No. of No. of No.-of
Variables patients  FBM Pvalue OBM P value
Gender 0.27 0.99
Male 54 11 15
Female 17 1 4
Age (yrs) ) 0.71
=60 38 7 1l 0.66
< 60 33 5 8
Energy (MV) 0.99 0.36
4 18 3 3
6 53 9 16
Total dose (Gy) . 099 0.08
=25 58 10 13
>25 13 2 6
Hyperfraction 0.27 0.33
Twice daily 6 2 3
Once daily 65 10 16
Response 0.63 0.70
Good PR 31 6 9
CR 40 6 10
Duration (mos)?* } 061 0.86
=4 25 5 7
<4 46 7 12
Hemoglobin level (g/dL) 0.75 0.79
<10 43 8 12
=10 28 4 7
LDH level (U/L) 0.99 0.99
> 229 6 1 1
<229 65 11 18
CRP level 0.75 0.50
> (.1 mg/mL 42 8 10
= 0.1 mg/dL 29 4 9
NSE level (ng/mL) 0.63 0.99
> 10 8 2 2
<10 59 10 16
Pro GRP level (pg/mL) 0.007 0.029
> 46 12 5 5
< 46 37 2 4

FBM: first failure event due to brain metastasis, OBM: overall incidence of brain metastasis, MV:
megavolt; Gy: grays; PR: partial remission, CR: complete remission; LDH: lactate dehydrogenase, CRP:
C-reactive protein; NSE: neuron- specific enolase; Pro GRP: pro-gastrin-releasing peptide.

# Duration indicates the time between the initiation of systemic induction treatment and the initiation
of prophylactic cranial irradiation.

of 71; 95% CI, 16.5-27.3%) of patients, respectively.
Nine patients with FBM had multiple brain metastases
and the others had solitary lesions. Among these pa-
tients, six were reirradiated with WBRT or stereotactic
multiarc radiotherapy, five were treated with systemic
chemotherapy, and one received best supportive care.
The median times to FBM and OBM were 9.4 months
(range, 1.1-23.5 months) and 12.0 months (range, 1.1-
92.9 months), respectively. In univariate analysis, an
elevated Pro GRP level was found to be significantly
related to FBM and OBM (Table 1) (P = 0.007 and P
= 0.029, respectively). Using a complete dataset from
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TABLE 2
First Progressive Disease Sites after PCI
Site No. of patients % of all patients
Local failure (inside the thorax) 20 282
Distant metastasis” 26 36.6
Abdominal organ 7 9.9
Bone 9 127
Spinal cord 1 14
Brain 12 16.9
Total 46 64.8

PCE: prophylactic cranial irradiation.
“ Three patients had more than one progressive disease site in distant metastasis.
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FIGURE 1. Kaplan-Meier analysis of time to disease progression (dotted fine)
and overall survival (solid line).

49 patients, a multivariate logistic regression model
disclosed that an elevated Pro GRP level was a signif-
icant predictive factor for both FBM (hazard ratio
[HR], 12.5; 95% CI, 2.00-77.9 [P = 0.007}) and OBM
(HR, 5.89; 95% CI, 1.25-27.7 [P = 0.025]).

Time to Progressive Disease and Survival

In the current series, the majority of patients (46 of 71
[64.8%]; 95% CI, 53.7-65.4%) experienced PD in their
clinical courses. The first sites of PD are listed in Table
2. The median time to PD and the median survival
time were 8.4 months ( 95% CI, 3.9-12.8 months) (Fig.
1)and 21.6 months (95% CI, 14.1-29.2 months) (Fig. 1),
respectively. A multivariate Cox regression model in-
dicated that elevated Pro GRP level before PCI was a
prognostic factor (HR, 2.97; 95% CI, 1.31-6.75 [P
= 0.009]).

DISCUSSION
It is suggested that PCI eradicates subclinical brain
metastasis that is protected from cytotoxic drugs by

the blood-brain barrier as a pharmacologic sanctu-
ary.'” A recently reported metaanalysis of seven pro-
spectively randomized trials demonstrated both an OS
and disease-free survival advantage for patients with
limited disease SCLC who received PCI compared with
patients who did not receive PCL'® However, the
metaanalysis included various trials and often insuffi-
cient systemic chemotherapy regimens, different PCI
techniques, and a mixed population of patients with
limited and extensive disease.!?!® Therefore, Kotalik
et al.'® found there was insufficient evidence to make
a definitive recommendation in terms of the total
dose, fractionation, indication, and timing of PCI ac-
cording to this metaanalysis.

In the current study, 16.9% of patients had brain
metastasis as a first site of failure, which is consistent
with previous reports of 4-~24%.5'27'* The salvage
treatment for brain metastasis after PCI would be re-
stricted by the number of brain metastases, patient
condition, and previous irradiation. To our knowl-
edge, no report has described the predictive or prog-
nostic factors for outcomes after PCI. Therefore, our
results could provide useful information concerning
the indication of PCI and close follow-up in patients
with limited disease SCLC with CR or good PR who
received intensive multidisciplinary treatment.

We found that elevated Pro GRP level before PCI
was a significant predictive factor for FBM and for
OBM (P = 0.007 and P = 0.025, respectively). The
other pretreatment variables such as clinical and lab-
oratory parameters had no influence on FBM or OBM.
Among tumor markers, NSE is known to have a high
false-positive rate due to hemolysis, whereas Pro GRP
is a stable and reliable tumor marker for SCLC."? In
addition Pro GRP is found to have higher specificity
than NSE, and its serum level was frequently elevated
at an earlier stage compared with that of the NSE level
in patients with SCLC at the time of diagnosis.?**! It is
reported that Pro GRP reflects tumor volume and the
effect of treatment more sensitively than does NSE,
and that it is useful in detecting PD because Pro GRP
levels increase before disease recurrence becomes ev-
ident.’®?122 From the results of the current study, the
elevation of Pro GRP before PCI might reflect the
existence of residual viable tumor cells after a series of
induction treatments, even if CR or good PR is indi-
cated by imaging. A PCI would be recommended for
patients with limited and extensive disease SCLC with
CR."® However, PCI might not be sufficiently benefi-
cial for decreasing the incidence of brain metastasis in
patients with an elevated Pro GRP level. Therefore, by
the completion of whole therapy, we should com-
pletely eliminate residual subclinical intracranial



and/or extracranial disease that causes the brain re-
currence.

Several evidence-based guidelines for limited
disease SCLC described uncertainty in terms of the
optimal regimen, schedule of drug administration, du-
ration of chemotherapy, and maintenance chemo-
therapy.?>?* Although there is a guideline that recom-
mends a maximum of six cycles of chemotherapy,®
the trend in clinical trials and practice, including the
current study, has been to use only four cycles of
cisplatin-based chemotherapy. In patients with CR
with elevated Pro GRP after four cycles of chemother-
apy, two additional cycles of chemotherapy might be
possible to eliminate tumor cells, to normalize Pro
GRP levels, and to reduce the risk of brain recurrence.

A previous study suggested that there may be a
dose-response relation for PCI, and that higher doses
were more effective in reducing the risk of brain me-
tastasis.'* If currently ongoing trials that compare 25
Gy in 10 fractions with 36 Gy in 18 fractions'® indicate
the superiority of high-dose PCI, this will be another
option to optimize the PCI procedure for controlling
the subclinical disease at pharmacologic sanctuary.

The previous WHO criteria for evaluation of tumor
response’! did not consider the value of tumor mark-
ers. However, the Response Evaluation Criteria in
Solid Tumors (RECIST) include tumor markers for as-
sessment of CR.?® Serum laboratory methods more
accurately evaluate the evidence of viable tumor cells,
and have a complementary role to the imaging studies
when macroscopic tumor disappears or residual scar
remains. In SCLC, tumor markers are well correlated
to the response and tumor volume,'®?!*? as was ob-
served with Pro GRP in the current study. Therefore,
CR according to the RECIST guidelines might be more
appropriate in the evaluation of patients with SCLC for
PCL ’

Several authors reported many prognostic factors
of clinical and laboratory parameters for patients with
SCLC.?% Almost all the analyses in the previous reports
showed pretreatment factors before the initiation of
systemic therapies. We analyzed pretreatment param-
eters for patients with CR or good PR receiving PCI. In
our study, most of the laboratory parameters fell
within normal limits before PCI, except for Pro GRP as
a prognostic factor.

Local failure occurred in approximately one-half
of the patients with disease recurrence, in addition to
distant failure. The Southwest Oncology Group re-
ported the pattern of failure in 114 patients with lim-
ited disease SCLC treated with cisplatin plus etoposide
and concomitant thoracic radiotherapy followed by
PCI. Local failure and distant metastasis occurred in
49% and 35% of patients, respectively.?” These results
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also suggested that the main cause for disease recur-
rence was local or distant failure. Therefore, it is cru-
cial to develop new drugs or regimens for improving
local and distant control, which achieve a high rate of
CR without elevation of tumor markers such as Pro
GRP before PCI.

The results of the current study demonstrate that
elevation of Pro GRP before PCI is a significant pre-
dictive factor for the first failure event due to brain
metastasis. With regard to the indication of PCI, the
assessment of clinical response according to RECIST
might be evaluated more accurately using Pro GRP
together with conventional imaging studies.
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