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Fig. 1 Survival analysis. a Survival curves according to preoperative
RPA class. MST was 21.8 months for class I, 12.4 months for class II,
and 6.5 months for class IIl. b Survival curves according to
postoperative RPA class. MST was 20.8 months for class I,
11.2 months for class II, and 4.3 months for class III. ¢ Survival
curves according to type of adjuvant therapy in patients with high
KPS (70 or more) and uncontrolled extracranial malignancies. MST
was 12.5 months for the systemic therapy (+) group and 5.6 months

manipulation, 3 cerebral infarctions, 2 cases requiring
evacuation of intraparenchymal hemorrhage, 1 case
requiring evacuation of epidural hematoma, 1 case treated
conservatively for intraparenchymal hemorrhage, 1 case
requiring ventricular drainage for obstructive hydrocepha-
lus, 1 instance of pulmonary embolism, 1 instance of sur-
gical site infection, 1 sudden cardiopulmonary arrest, and 1
instance of vocal paralysis related to intubation. A per-
manent neurological deficit occurred in 11 (4.2 %)
patients, but did not lead to early death in any case. Four
patients (1.5 %) succumbed to surgery-related death (i.e.,
death within 30 days after surgery). Of these, two died of

147
b 100 ;
Postoperative
g
5 P < 0.0001
8 50
o
o Class | {(n=566)
© TN .
= v} o
S
=5
9]
Class H (n=21)
0 ¢ i t N ] o ] T
0 12 24 36 48 60
Time from surgery (months)
d 100

Postoperative systemic

treatment strategy
S
5 P < 0.0001
g
[a]
o
2
& Group 1 {(n=102)
g bobdy m g
& :
Groupd Group2 (n=86)
{n=88}

0 12 24 36 48 60
Time from surgery (months)

for the systemic therapy (—) group. d Survival curves according to
postoperative systemic therapy. Group 1 consisted of patients without
systemic disease, group 2 consisted of patients undergoing systemic
therapy for uncontrolled extracranial disease, and group 3 consisted of
patients who had extracranial disease but did not receive systemic
therapy. MST was 20.8 months for group 1, 12.4 months for group 2,
and 5.1 months for group 3

advanced systemic diseases 22 and 30 days after surgery,
respectively. The other patients experienced neurological
death: 1 died of LMM 23 days after surgery, while the
other died of brainstem infarction 17 days after surgery for
frontal lobe metastases.

Clinical characteristics of the early death group
A total of 62 patients (23 %) were included in the early
death group. The early death rates were 10, 22, and 41 % in

preoperative RPA class I, IT, and ITI patients. When patients
were divided according to postoperative RPA class, the
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Table 1 Patient characteristics

Table 2 Multiple logistic regression analysis for early death

Total Early  Non-early P value®
death death

Patients no. 264 62 202
Multiple BM 67 24 43 0.0058
Infra-tentorial lesions 79 18 61 0.86
Age 65 or more 82 16 66 031
Preoperative KPS <70 57 24 33 0.0002
Postoperative KPS <70 22 13 9 <0.0001
ECM and/or uncontrolled 161 50 111 0.0003

primary lesion®
Preoperative RPA® 0.0059°

I 59 6 53

I 148 33 115

il 56 23 33
Postoperative RPA® 0.0041°

I 66 7 59

I 176 43 133

jui 21 12 9
Primary cancer

Lung 102 24 78

Breast 48 11 37

GI 46 14 32

Malignant melanoma 13 5 8

Renal 8 2

Others 47 6 41
GTR 232 53 179 0.51
Any RT prior to surgery 37 1126 0.33
Adjuvant RT(+) 216 46 170 0.075
Systemic therapy after operation for BM

+) 119 16 103 <0.0001

(=) 129 46 83

BM brain metastases, ECM extra-cranial metastases, GI gastrointes-
tinal, GTR gross total removal, KPS Karnofsky performance status,
RPA recursive partitioning analysis, RT radiation therapy, WBRT
whole brain radiation therapy

# Pearson’s Chi square test
° Data of one case was absent
© Analyzing with dividing into RPA I and II-III

early death rates were 11, 24, and 57 % in class I, II, and III
patients, respectively.

Table 1 shows the results of univariate analysis of data
from the early death group and the non-early death group.
The early death group contained a significantly higher ratio
of patients with multiple brain metastases, KPS <70,
uncontrolled primary cancers, and advanced RPA (II or
I). The distribution of primary cancers did not differ
significantly between these 2 groups. Fewer patients
received systemic therapy after the resection of brain
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Odds ratio P value

Postoperative systemic therapy (—) 491 <0.0001
Uncontrolled extra-cranial malignancy (+) 522 0.0022
Postoperative poorer KPS (<70) 3.61 0.041
Multiple brain metastases (2.04) 0.051
Preoperative poorer KPS (<70) (1.84) 0.18
Preoperative advanced RPA (class Il or IIlI)  (0.79) 0.84
Postoperative advanced RPA (class II or ITI)  (0.96) 0.98
Adjuvant radiotherapy (not performed) (1.69) 0.21

KPS Karnofsky performance status, RPA recursive partitioning
analysis

metastases in the early death group than in the non-early
death group (26 vs. 55 %).

Multivariate logistic regression analysis was performed
to identify which factors were most closely related with
early death. Only clinical factors with P < 0.1 in univariate
analysis (as described above) were used for this analysis.
As shown in Table 2, uncontrolled primary tumors or
extracranial metastases, lack of postoperative systemic
therapy, and a postoperative decrease in KPS (<70) were
significantly related to early death.

The impact of postoperative systemic therapy
on the survival of patients with uncontrolled
extracranial disease

The impact of treatment strategy on survival was further
analyzed because postoperative systemic therapy was sig-
nificantly related with early death in the univariate and
multivariate analyses described above. Survival analysis
using the Kaplan—Meier method did not reveal a difference
in survival between patients in the systemic therapy (+)
group (119 cases) and the (—) group (129 cases) (12.9 vs.
10.7 months; P = 0.68, log-rank test). Because systemic
therapy is not usually administered to patients with poor
performance status or without extra-cranial malignancies,
we performed a further analysis including only patients
with uncontrolled extracranial malignancies and those with
a postoperative KPS of 70 or more. Based on this analysis,
the MST was significantly longer in the systemic therapy
(+) group (85 cases) than in the systemic therapy (—)
group (54 cases) (12.5 vs. 5.6 months; P = 0.0026, log-
rank test) (Fig. 1c).

The impact of postoperative treatment strategy
on survival

All patients were divided into 3 groups according to
treatment course after surgery for brain metastases: group 1
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(102 cases) included patients without systemic disease,
group 2 (89 cases) included patients who underwent sys-
temic therapy for uncontrolled extracranial disease, and
group 3 (65 cases) included patients who had extracranial
disease but did not receive systemic therapy. Group 3
patients were treated with best supportive care. The MSTs
of groups 1, 2, and 3 were 20.8, 12.4, and 5.1 months,
respectively, and the difference among the groups was
significant (P < 0.0001, log-rank test) (Fig. 1d). The early
death rate was 12 % in group 1, 16 % in group 2 and 55 %
in group 3, and the early death rate of group 3 was sig-
nificantly higher than that of the other groups (P < 0.0001,
Pearson’s Chi square test).

Cause of death

Data regarding cause of death was available for 55 of the
early death cases. Twenty patients (32 %) died from neu-
rological causes, while 35 patients (56 %) died from sys-
temic diseases. Thirteen of the neurological deaths were
attributed to LMM. The adjuvant radiation therapies used
in LMM:cases were WBRT in 5 and local brain radiation
therapy in 3 cases. Five cases did not receive either ther-
apy. Other neurological deaths were due to progression of
brain metastases after RT (6 cases) and brain stem infarc-
tion (1 case).

Postoperative status and survival time in preoperative
RPA class III patients

Patients assessed as preoperative RPA class HI (n = 56)
typically have shorter survival times; therefore, the clinical
courses of these patients were further analyzed in order to
evaluate the potential treatment benefit. Of these patients, 8
(14 %), 31 (55 %), and 17 (30 %) were postoperative RPA
class I, II, and III, respectively. When patients were divided
according to postoperative RPA class, MST was 13.6, 6.5,
and 3.6 months in class I, II, and III patients, respectively.
MST was significantly longer in patients who experienced
an improvement in postoperative RPA class (n = 39)
compared with patients who remained in class III (n = 17)
(6.9 vs. 3.6 months; P = 0.019, log-rank test). KPS was
improved in 43 (77 %), unchanged in 10 (18 %), and
worsened in 3 (5.4 %) preoperative RPA class IIT cases
after surgery.

We further analyzed the cases showing RPA class III
preoperatively but better RPA class postoperatively (I, 8
cases; II 31 cases) in order to discuss the operative indi-
cation for preoperative RPA class III patients (Supple-
mentary Table 1). Twelve cases (31 %) of this cohort (39
cases) succumbed to early death after surgery, and their
postoperative RPA class was I in one and I in 11. The
causes of their early death were mainly consisted of

systemic death; systemic disease in 8 cases, leptomeningeal
metastasis in 2 cases and unknown in 2 cases. To identify
what factor contributed to the early death in this cohort (39
cases), the postoperative treatment strategy was compared
between the early death cases (12 cases) and the non-early
death cases (27 cases). Eight of the 12 early death cases
received best supportive care while 7 of the 25 non-early
death cases (2 cases lacked the data) did. Thus, lack of
postoperative systemic therapy was also statistically related
with the early death in this cohort despite improvement in
RPA class (8/12 vs. 7/25; P = 0.025, Pearson’s Chi square
test).

Discussion

In this study, we reviewed a surgical series from a single
center and focused on the clinical characteristics of cases
with poorer prognosis. Comparing with the recent studies
presenting their surgical outcome, our series showed the
comparable survival time [3, 6, 7, 9] according to RPA
class and the comparable complication rate (7.6 vs.
4.5~14 %) despite the high ratio of RPA class II (21 vs.
5.7-6.8 %) [6, 14, 15]. We showed that postoperative
treatment strategy and performance status were the sig-
nificant factors for early death in multivariate analysis.
Systemic therapy after surgery was previously reported
as being significantly related to survival time, but this was
contradicted by the result in multivariate analysis [6]. This
result simply seems to reflect the bias of the analysis:
systemic therapy is usually avoided in patients with poorer
performance status or patients without uncontrolled extra-
cranial malignancy. We further analyzed only patients with
favorable postoperative KPS scores and uncontrolled
extracranial malignancies to ensure that we were only
analyzing patients who truly needed further treatment for
primary cancer. We showed that postoperative systemic
therapy had a significant effect on survival in this popu-
lation (Fig. 1c). Similarly, multivariate analysis showed
that a lack of postoperative systemic therapy was a sig-
nificant factor for early death, which was mainly analyzed
in this study (Table 2). Thus, the treatment strategy for
extracranial malignancies should be considered when
determining operative indication, and this is supported by
the results described in Fig. 1d. In other words, patients
who cannot undergo chemotherapy (e.g., due to multidrug
resistance to systemic therapy) are at high risk of early
death after surgery. We also subjected our cohort to further
analysis for survival by dividing three groups time
according to the operative period (20002003, 20042007
and 2008-2011), but the difference in OS or early death
rate was not apparent (data not shown). Despite the recent
advances in systemic therapeutic agents, brain metastases
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Table 3 Review of previous clinical studies: cause of death

Treatment " Pt no. MST Neurological Systemic Unknown®
(months) death (%)° death®
Hashimoto et al. [17] Surgery + WBRT 66 11.5 37 35 % 31 %
Surgery + LBRT 64 9.7 36 36 % 29 %
Muacevic et al.® [18] Surgery + WBRT 33 9.5 29 53 % N.A.
SRS 31 10.3 11 53 % N.A.
Aoyama et al. [19] WBRT + SRS 65 7.5 19 N.A. N.A.
SRS alone 67 8.0 23 N.A. N.A.
Manon et al. [20] SRS 31 8.3 19 30 % 16 %
Serizawa et al. [21] SRS 521 9.0 18 N.A. N.A.
Jawahar et al. [22] SRS 44 7.0 25 36 % 39 %
Andrews et al. [11] WBRT + SRS 137 6.5 28 62 % 9 %
WBRT alone 149 5.7 31 64 % 5%
Petrovich et al. [23] SRS for MM 231 8 42 50 % 8 %
SRS for others 227 6-17° 23 70 % 7 %
Agboola et al. [5] Surgery + RT 125 9.5 25 37 % 6 %
Mintz et al. [13] Surgery + WBRT 41 5.6 15 46 % 5%
WBRT 43 6.3 28 35 % 0%
Wronski et al. [24] Surgery = WBRT 231 13 39 30 % 12 %
Bindal et al. [25] Surgery = WBRT 32
Mutltiple lesions 56 10 36 32 % 23 %
Single lesion 30 14 25 45 % 15%
Vecht et al. [16] Surgery + WBRT 32 10 32 N.A. N.A.
WBRT 31 6 33 N.A. N.A.

LBRT local brain radiation therapy, MM malignant melanoma, MST median survival time, RT radiation therapy, SRS stereotactic radiosurgery,

WBRT whole brain radiation therapy
® The ratio was evaluated with 1-year rate
® The ratio was described in each cancer

¢ Deaths of combined cause of systemic and neurological were not included in any groups. When unknown cause were excluded from analysis in
the original articles, the ratios were re-estimated including deaths of unknown causes

may arise after acquiring drug resistance even for newly
developed agents, and the survival after brain metastases
might depend largely on whether further systemic therapy
can be available or not.

One of the challenges in our study was evaluating both
preoperative and postoperative status. The prognostic sig-
nificance of pre- and postoperative RPA class was previ-
ously analyzed, and the multivariate analysis showed that
only preoperative RPA was significant [9]. This observa-
tion was, however, based simply on the analysis of survival
time. Our analysis differed from the previous study because
we evaluated the factor related to early death and specifi-
cally analyzed the group with the poorest prognosis: pre-
operative RPA class I patients. In the present study,
postoperative RPA class was related to survival and a
higher early death rate, and the early death rate was
extremely high in preoperative RPA class III patients
without postoperative improvement. Because RPA class III
simply indicates a poor KPS score (<70), improvement in
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performance status is a significant factor for survival in
preoperative RPA class III patients. Therefore, when
determining the indications for surgery in preoperative
RPA class III patients, it is important to consider whether
surgery is likely to improve KPS. Patients who are not
likely to experience an improvement in performance status
are also not likely to obtain a survival benefit. However, it
is important to remember that the postoperative treatment
strategy is also significant factor for survival as shown in
our analysis for RPA class III patients.

Finally, we analyzed the cause of death. Previous studies
have reported a neurological death rate of 15-37 % after
surgery for brain metastases [5, 11, 13, 16-25] (Table 3).
Our results were in line with this, although one limitation
of our study was that the cause of death was available only
for early death cases. Of note, 21 % (13/62) of early death
cases were attributed to LMM in this study. Recent large
studies reported a 5-16 % incidence of LMM after surgical
removal [14, 17, 26, 27]. Considering these results, LMM
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appears to occur early after surgery and may be a signifi-
cant cause of early death. An increased incidence of early
death might be attributed to either (1) preoperative undi-
agnosed LMM without apparent radiological findings
because of a lack of routine cerebrospinal fluid cytology
[26] or (2) LMM caused by the surgery itself. In fact,
several previous reports have shown an increased risk of
LMM after surgery compared with SRS alone [14, 26-28].
In order to reduce early deaths due to LMM, adjuvant
therapies will need to be developed. The protective effect
of adjuvant radiation therapy for LMM remains contro-
versial, and recent studies have failed to demonstrate this
effect [14, 26]. Further studies are needed to clarify the
efficacy of radiation therapy.

In summary, early death after resection of brain metas-
tases can be attributed to neurologic factors and systemic
factors. Of the neurological factors, LMM is a critical
factor that is related to early death. Further studies
exploring the prevention and treatment of LMM are nec-
essary. Of the systemic factors, a poor performance status
after surgery (rather than before surgery), uncontrolled
extracranial malignancies, and a lack of systemic therapy
after surgery are related to early death. The limitation of
our retrospective study lies in the possibility of the bias
derived from patient selection. Further analysis including
non-surgically treated cases may confirm our observations.
When making decisions regarding surgery for brain
metastases, physicians should be aware of the importance
of a systemic treatment strategy after surgery, while sur-
geons should recognize that a poor performance status
deprives patients of QOL and a chance for systemic ther-
apy. The role of surgery for brain metastases is not only to
improve the QOL and prevent neurological death but also
to give patients a chance for further systemic therapy.
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Concurrent chemoradiotherapy is the standard treatment for
unresectable stage Il non-small cell lung cancer (NSCLC). The
long-term feasibility and efficacy of vinorelbine and cisplatin
with concurrent thoracic radiotherapy were investigated. Eigh-
teen patients received cisplatin (80 mg/m? on day 1 and vino-
relbine (20 mg/m? in level 1, and 25 mg/m? in level 2) on days
1 and 8 every 4 weeks for four cycles in a phase | trial. Ninety-
three patients received the same chemotherapy regimen except
for the fixed vinorelbine (20 mg/m?) dosage and consolidation
therapy with docetaxel (60 mg/m?, every 3 weeks). The thoracic
radiotherapy consisted of a single dose of 2 Gy once daily to a
total dose of 60 Gy. A total of 111 patients were analyzed in
the present study: male/female, 91/20; median age, 60 years;
stage WA/IIB, 50/61; and squamous/non-squamous histology,
26/85. The 3-, 5-, and 7-year overall survival rates (95% Cl)
were 43.2% (33.9-52.2), 25.2% (17.6-33.5), and 23.2% (15.8-
31.4), respectively. The median progression-free survival and
median survival time (95% CI) were 13.5 (10.1-16.7) months
and 30.0 (24.3-38.8) months, respectively. Four patients (4%)
experienced Grade 5 pulmonary toxicities from 4.4 to
9.4 months after the start of treatment. In conclusion, approxi-
mately 15% of patients with unresectable stage lll NSCLC could
be cured with chemoradiotherapy without severe late toxicities
after 10 months of follow-up. Although based on the data from
highly selected population participated in phase | and phase I
trial, this analysis would strengthen and confirm the previous
reports concerning concurrent chemoradiotherapy with third
generation cytotoxic agents. (Cancer Sci 2013; 104: 93-97)

S tage III locally advanced non-small cell lung cancer
(NSCLC) accounts for 25-30% of all lung cancer
cases.1? Because of the equal 1requency of local and distant
recurrences, the combination of systemic chemotherapy and
thoracic radiotherapy has been eﬁtabhshed as a standard of
care for patients with stage III NSCLC.® Concurrent chemora-
diotherapy is supenor to a sequenual approach, as shown by
phase III trials in stage III NSCLC.¢

Ohe et al.'®® reported the long-term follow-up analysis of
concurrent chemoradiotherapy  with former generation
chemotherapy agents (median survival time 16.1 months, and
7-year overall survival rate 12.0%). Few researchers, how-
ever, have reported follow-up data of longer than 5 years
after concurrent chemoradiotherapy with third-generation
chemotherapy. The long-term safety and efficacy of vinorel-
bine and cisplatin with concurrent thoracic radiotherapy were
investigated.

doi: 10.1111/cas. 12028
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Materials and Methods

Study selection. Two previous studies were included in this
analysis. One was a phase I study of concurrent thoracic
radiotherapy with cisplatin plus vinorelbine, and the other
evaluated docetaxel consohdatlon therapy following concur-
rent chemoradlothexapy These studies were approved by
the institutional review board at each institution. Written,
informed consent was obtained from all participating
patients.

Patient selection. The two studies had similar eligibility
criteria. They were: histologically or cytologically proven
NSCLC; unresectable stage IIIA or IIIB disease; no previous
treatment; measurable disease; tumor within an estimated irra-
diation field no larger than half the hemithorax; age between
20 years and 74 years; Eastern Cooperative Oncology Group
(ECOG) performance status 0 or 1; and adequate organ func-
tion, including bone marrow, liver, kidney, and lung. Patients
were diagnosed to have unresectable disease based on a
consensus of thoracic oncologists including surgeons in each
institution. The exclusion criteria were reported in previous
papers.®

Treatment schedule. In the phase I study, treatment consisted
of chemotherapy with four cycles of cisplatin and vinorelbine
20 mg/m2 in level 1, and 25 mg/m2 in level 2) and concurrent
thoracic radiotherapy (sec below). In the other study, treatment
consisted of a chemoradiotherapy portion with three cycles of
cisplatin and vinorelbine followed by a consolidation gortion
with three cycles of docetaxel. Cisplatin (80 mg/m®) was
administered every 4 weeks by intravenous infusion for
60 min w1th 2500-3000 mL of fluid for hydration. Vinorelbine
20 mg/m? diluted in 50 mL of normal saline was administered
mtravenously on days 1 and 8 every 4 weeks. All patients
received prophylactic antiemetic therapy consisting of a 5HT,-
antagonist and a steroid. In the docetaxel (60 mg/m every
3 weeks) consolidation trial, consolidation therapy was started
sequentially in patients whose general condition was accept-
able. Follow-up computed tomographies after chemoradiothera-
py were scheduled as follows; every 2-4 months during the
1 year, every 6 months in the 2 and 3 years, and every 1 year
thereafter.

Thoracic radiotherapy was delivered with megavoltage
equipment (>6 MV) using anterior/posterior opposed fields
up to 40 Gy in 20 fractions, including the primary tumor, the
metastatic lymph nodes, and the regional nodes. A booster
dose of 20 Gy in 10 fractions was given to the primary tumor

5To whom correspondence should be addressed.
E-mail: hhorinou@ncc.go.jp
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and the metastatic Ilymph nodes for a total dose of 60 Gy using
bilateral oblique fields. Computed tomography (CT) scan-based
treatment planning was used in all patients. The clinical target
volume (CTV) for the primary tumor was defined as the gross
tumor volume (GTV) plus 1 cm taking into account subclinical
extension. CTV and GTV for the metastatic nodes (>1 cm in
the shortest dimension) were the same. Regional nodes,
excluding the contralateral hilar and supraclavicular nodes,
were included in the CTV, but the lower mediastinal nodes
were included only if the primary tumor was located in the
lower lobe of the lung. The planning target volumes for the
primary tumor, the metastatic lymph nodes, and regional nodes
were determined as CTVs plus 0.5-1.0-cm margins laterally
and 1.0-2.0-cm margins craniocaudally, taking into account
setup variations and internal organ motion. Lung heterogeneity
corrections were not used.

Toxicity assessment. Toxicities were graded according to the
National Cancer Institute (NCI) Common Toxicity Criteria ver-
sion 2.0 issued in 1998, and late toxicities associated with tho-
racic radiotherapy were graded according to the Radiation
Therapy Oncology Group/European Organization for Research
and Treatment of Cancer late radiation morbidity scoring
scheme. Late toxicities were defined as those that occurred
or persisted 90 days after completion of radiotherapy. The
detailed methods of treatment modification due to toxicity
were reported in previous papers. "

Response evaluation. In the phase I trial, the objective
tumor response was evaluated according to the World
Health Organization (WHO) criteria issued in 1979.%9 The
Response Evaluation Criteria in Solid Tumors were used to
evaluate obljective tumor response in the docetaxel consolida-
tion trial.’? Local recurrences were defined as tumor pro-
gression in the primary site and in the hilar, mediastinal,
and supraclavicular lymph nodes after a partial or complete
response; regional recurrence was defined as the develop-
ment of malignant pleural and pericardial effusions; and dis-
tant recurrence was defined as the appearance of distant
metastases.

Statistical analyses. Progression-free and overall survival
times were estimated by the Kaplan—Meier method, and confi-
dence intervals (CIs) were based on Greenwood’s formula.!®
Progression-free survival time was measured from the date of
registration to the date of disease progression, death (from any
cause), or the last follow-up. Overall survival time was mea-
sured from the date of registration to the date of death (from
any cause) or to the last follow-up. Patients who were lost to
follow-up without an event were censored at the date of their
last known follow-up. A CI for response rate (RR) was calcu-
lated using methods for exact binomial Cls. To investigate the
association between survival and factors related to patient
characteristics, the Cox regression model was used. Potential
factors investigated were as follows: age (in 10-year incre-
ments), sex, body weight loss (<5.0% vs >5.1%), histology
(squamous cell carcinoma versus non-squamous cell carci-
noma), T factor (T1/2 vs T3/4), N factor (NO-2 vs N 3), and
stage (IIA vs IIIB). The STATA 10 for Windows software
package (StataCorp LP, College Station, TX, USA) was used
for statistical analyses.

Results

Characteristics of the patients. From October 1999 to June
2003, 13 patients were registered at dose level 1 and five at
dose level 2 of the phase I study, and 93 patients were
enrolled in the docetaxel consolidation trial. Thus, a total of
111 patients were analyzed in the present study. The partici-
pants’ characteristics were as follows (Table 1): male/female
91/20; median age (range) 60 (31-74) years; body weight loss

94

Table 1. Patients’ characteristics
Clinical trial
Phase | DTX
trialt consolidationt Total

Number of patients 18 93 111
Age (years)

Median 58.5 60 60

Range 48-69 31-74 31-74
Sex

Male 15 76 91

Female 3 17 20
Performance status

0 a4 32 36

1 14 51 65

Unknown 0 10 10
Body weight loss (minus, %)

0 11 72 83

0.1-5.0 4 9 13

5.1- 3 11 14

Unknown 0 1 1
Clinical stage

1A 9 41 50

1B 9 52 61
N factor

NO 0 6 6

N1 0 3 3

N2 11 58 69

N3 7 26 33
T factor

T1 1 18 19

T2 6 31 37

T3 7 13 20

T4 4 30 34

Unknown 0 1 1
Histology )

Adenocarcinoma 14 57 71

Squamous cell carcinoma 3 23 26

Adenosquamous 1 0 1

Large cell carcinoma 0 6 6

NOS§ 0 6 6

Others 0 1 1

1The phase | study of concurrent thoracic radiotherapy with cisplatin
plus vinorelbine. $The docetaxe! consolidation therapy following
concurrent chemoradiotherapy study. §Non-small cell fung cancer not
otherwise specified.

<5.0%/ >5.1% 96/14; stage IIA/TIB 50/61; and squamous/
non-squamous histology 26/85.

Treatment delivery. Full cycles (four in the phase I trial,
three in the docetaxel consolidation trial) of cisplatin and
vinorelbine and the full dose (60 Gy) of thoracic radiotherapy
were administered in 94 (85%) and 102 (92%) patients, respec-
tively. The delay in radiotherapy was less than 5 days in 74
(67%) patients. In the docetaxel consolidation trial, 59 (63%)
patients could enter the consolidation phase, and only 34
(37%) patients completed three cycles of docetaxel chemother-
apy, mainly because of toxicities. Of 91 patients with relapses,
27 (30%) received gefitinib as salvage treatments.

Objective tumor response and survival. The objective
response rate was 82.0% (95% CI, 74.5-89.1). The 3-, 5-, and
7-year progression-free and overall survival rates (95% CI)
were 21.0% (13.9-29.1), 15.7% (9.5-23.4), 14.4% (8.4-22.0),
and 43.2% (33.9-52.2), 252% (17.6-33.5), and 23.1% (15.7-
31.4), respectively (Fig. 1). The median progression-free sur-
vival and median survival time (95% CI) were 13.4 (9.8-16.4)

doi: 10.1111/cas.12028
© 2012 Japanese Cancer Association



06 08 1.0
1

0.4

Proportion progression-free
0.2

T T T T T T T T

T T T
0 12 24 36 48 60 72 84 96 108 120
Time in months

Fig. 1. Progression-free survival (n = 111). The median progression-
free survival is 13.5 months (95% confidence interval [Ci] 10.1-16.7).

months and 30.0 (24.5-38.8) months, respectively (Fig. 2).
There was no significant difference in survival results between
subgroups; patients with or without docetaxel consolidation
and patients with or without gefitinib.

Pattern of relapse. Relapses were noted in 91 (82%) of 111
patients. Initial relapse sites were local alone in 39 (42%)
patients, regional alone in 5 (5%), and distant alone in 38
(41%), including 17 (18%) patients with brain metastases as a
sole recurrence site. Brain metastases were detected in 19
(21%) patients and were the most frequent sites of distant
metastases. Brain metastases were detected within 3 years of
initial treatment, and the last brain relapse was observed after
33 months of follow-up (Table 2). Three (3%) patients experi-
enced adrenal metastases as a first relapse site.

Late toxicities. Grade 1, 2, 3, and 5 late pulmonary toxicities
were observed in 18 (16%), 15 (13%), 3 (3%), and 4 (4%)
patients, respectively. Seventy-two (64%) patients did not
experience late pulmonary toxicities (Table 3). Four cases of
grade 5 pulmonary toxicity developed at 4.4, 5.9, 9.4, and
9.6 months, respectively, after the treatment started. Late
esophageal toxicities were observed in three patients (one
grade I and two grade 3).

Causes of death in long-term survivors. There were 67 (60%)
patients that survived 24 months or more from the initial treat-
ment. Among them, five patients died because of reasons other

1.0

0.8

06

Proportion surviving
0.4

0.2
L

L 1 1 i
0 12 24 36 48 60 72 84 96 108 120
Time in months

Fig. 2. Overall survival (n = 111). The median overall survival is
30.0 months (95% confidence interval [Cl] 24.3-38.6).
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Table 2. Sites of initial relapse

Number of relapses

Site of recurrences

<1 year 1-3years >3years Total (%)

Local 16 21 2 39 (42)
Distant 23 12 3 38 (41)

Distant without brain 12 4 3 19 21)

Distant including brain 1 1 0 2(2)

Brain only 10 7 0 17 (18)
Regional 3 2 0 5 (5)
Others (L/D/R}t 3 5 1 9 (10)
Unknown - - - 2()

tOthers includes 2 Local+Regional relapses, 6 Local+Distant relapses,
and 1 Local+Regional+Distant relapse.

Table 3. Late pulmonary toxicities§
Clinical trial

Toxicity grades Total (%)

_ Phase | trialt  DTX consolidationt
Without late toxicity 10 62 72 (64)
Grade 1 4 14 18 (16)
Grade 2 3 12 15 (13)
Grade 3 1 2 3(3)
Grade 4 0 0 0
Grade 59 0 4 4 (4)

+The phase | study of concurrent thoracic radiotherapy with cisplatin
plus vinorelbine. $The docetaxel conselidation therapy following
concurrent chemoradiotherapy study. §Late toxicities were defined as
those that occurred or persisted 90 days after completion of
radiotherapy. fiThe Grade 5 pulmonary toxicities developed at 4.4,
5.9, 9.4, and 9.6 months after the treatment started.

than lung cancer. One patient was diagnosed as having pharyn-
geal cancer at the point of 35 months and died 4 months later.
Other than malignancies, community-acquired pneumonia (one
patient at 43 months), sudden death due to unknown etiology
(two patients at 41 and 42 months) and suicide (one patient at
29 months) were reported, respectively.

Predictive factors for survival. The associations between over-
all survival and patients’ characteristics (age [in 10-year incre-
ments], sex, body weight loss [ <5.0% vs >5.1%], histology
[squamous cell carcinoma versus non-squamous cell carci-
noma], T factor [T1/2 vs T3/4], N factor [NO-2 vs N 3], and
stage [IIIA vs IIIB]) were also examined using Cox regression
analysis. Age was significantly associated with survival (hazard
ratio [HR] 1.34, 95% CI 1.02-1.75, Table 4).

Discussion

Concurrent chemoradiotherapy has been established as a stan-
dard treatment for patients with unresectable locally advanced
NSCLC. The long-term feasibility and efficacy of vinorelbine
and cisplatin chemotherapy with concurrent thoracic radiother-
apy were investigated. The 3-, 5-, and 7-year overall survival
rates (95% Cl) were 43.2% (33.9-52.2), 25.2% (17.6-33.5),
and 23.1% (15.7-31.4), respectively. Older age was associated
with poor survival on multivariate analysis (HR 1.34, 95% CI
1.02-1.75).

Two phase III trial examined the efficacy and safety of
newer generation cytotoxic agents in concurrent chemoradio-
therapy for patients with locally advanced NSCLC.?*!* The
S-year survival rates (around 20%) were comparable to cur-
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Table 4. Cox proportional hazard model for assessment of overall
survival

Factors Hazard ratio 95% Cl P value

Age

10-year increment 1

1.34 1.02-1.75 0.03

Sex

Female 1

Male 1.23 0.69-2.31 0.46
Body Weight Loss

<5.0% 1

>5.1% 1.19 0.69-2.11 0.51
Histology

Non-squamous . 1

Squamous 1.31 0.80-2.19 0.28
T factor

T1/2 1

T3/4 0.91 0.53-1.61 0.77
N factor

N 0-2 1

N3 1.05 0.55-2.08 0.85
Stage

A 1

B 0.97 0.52-1.83 0.93

rent analysis. To date, the present report (median survival
time 30 months and 7-year overall survival rate 23.1%) is
one of the longest observation periods after concurrent che-
moradiotherapy using third-generation agents for locally
advanced NSCLC. Recently, Tokuda er al!'® reported a
favorable long-term survival data (median survival time
2.1 years and S-year survival rate 31%) of concurrent tho-
racic radiotherapy with docetaxel and cisplatin in a phase II
trial conducted by Okayama Lung Cancer Study Group (OL-
CSG). It seems that the result of these analyses were about
twice better than that of the previous long-term report of
chemoradiotherapy with former generation agents by Ohe
et al.”” (median survival time 16.1 months and 7-year over-
all survival rate 12.0%) and others.”

Of the 91 patients with relapses, 85 (93%) experienced
recurrence within 3 years after initial treatment. Local relapses
(37 patients, 41%) and distant relapses (35 patients, 38%) were
equally frequent. After 3 years of follow-up, two local, three
distant (without brain), and one mixed-site recurrence was
observed. Considering the proportion of local recurrence was
similar to the OLCSG 0007 trial, a better strategy to control
local relapse is a key to improving survival in locally
advanced NSCLC."® To gain a better local control, the radia-
tion therapy oncology group (RTOG) conducted a phase III
trial (RTOG 0617) to examine a higher dose (74 Gy) of radio-
therapy with concurrent chemotherapy. However, the experi-
mental arms of higher radiotherapy were terminated early
because of survival futility."” We recently reported early ter-
mination of a multicenter phase II trial of high-dose thoracic
radiothera(p%/ (72 Gy) because of slow accrual and pulmonary
toxicities."'® Based on these results, development of another
strategy such as surgery followed by induction therapy might
offer a better local control in selected patients.*® On the other
hand, 11 of 20 brain relapses as a first recurrence were found
within a year of initial treatment. Several authors reported that
brain metastases were frequent early in the course after the
initial treatment of stage Il NSCLC.®™?Y According to our
findings and previous reports, intensive brain surveys might be

26

indicated for such patients no longer than 3 years from initial
chemoradiotherapy.

The frequency and control of late toxicities, especially lung
injury, have been emphasized along with the improvement of
survival by concurrent chemoradiotherapy in stage III NSCLC.
In the present analysis, four patients (4%) in the docetaxel
consolidation trial experienced grade 5 pulmonary toxicities
4.4-9.6 months from initial treatments. On the other hand,
life-threatening pulmonary toxicities were not reported in
phase I trial. (Table 3) This difference in the frequency of
severe pulmonary toxicities might be related to consolidation
docetaxel because the dose of cisplatin (80 mg/mz), vinorel-
bine (20 mg/mz) and thoracic radiotherapy (60 Gy) were the
same in these two trials except for five patients who received
25 mg/m?® of vinorelbine in the phase I trial.”® A relatively
higher frequency of pulmonary complications was also
reported in the experimental arm of the previous phase III trial
that examined docetaxel as a consolidation therapy after con-
current chemoradiotherapy.®>*® Although a note of caution
might be indicated with docetaxel, the present result suggests
that severe pulmonary toxicities were rare after 10 months
from concurrent chemoradiotherapy.

According to recent trials, about half of Japanese patients
with locally advanced lung cancer survive more than 2 years
after concurrent chemoradiotherapy.”'>'® In those who sur-
vived more than 2 years, mortalities due to second primary
malignancies and etiologies other than lung cancer were
reported by several authors.">** Five patients (4.5%) died
without recurrence of lung cancer and whose causes of death
were as follows: second primary malignancy (pharyngeal can-
cer, one patient), community-acquired pneumonia (one
patient), sudden death due to unknown etiology (two patients)
and suicide (one patient), respectively. With an even greater
proportion of patients cured by modern therapies including
combined modality treatments, it would be increasingly impor-
tant to consider and evaluate an appropriate care and monitor-
ing for survivors.

In the present analysis, older age was significantly associ-
ated with poor survival (HR 1.34, 95% CI 1.02-1.75) after
adjusting for sex, degree of weight loss, histology, T factor,
N factor, and stage. In the previous literature on concurrent
chemoradiotherapy with cisplatin and vinorelbine, age
(>70 years) was marginally associated with poor survival
(HR 1.79, 95% CI 0.94-3.39).%> Several investigators
reported higher incidences of adverse events in elderly
patients with locally advanced NSCLC, even though they had
a similar survival benefit.*® PFurthermore, better clinical
outcomes were reported in elderly patients (>70 years) by tho-
racic radiotherapy rather than chemoradiotherapy with a simi-
lar regimen for younger patients,(zg‘m) Based on these reports,
it is necessary to develop an optimal treatment strategy, espe-
cially to find the best chemotherapy regimen combined with
thoracic radiotherapy, for elderly patients with stage III
NSCLC.

This study had several limitations. First, the proportion of
patients with stage IIIA discase was relatively high compared
to previous phase I trials, which might have a favorable
effect on overall survival.'*' - Second, the population
included in this analysis was relatively younger than those
reported by Segawa et al.*® and had better prognosis than real
world patients. As discussed in this article, younger age might
be a better prognostic factor in concurrent chemoradiotherapy
(Table 3). The third limitation is potential selection bias in a
highly selected population suitable for early phase clinical
trials. To enable to follow clinical and prognostic information
with the least missing data, however, we selected the patients
that participated in the current phase I and feasibility trial of
docetaxel consolidation.

doi: 10.1111/cas. 12028
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In conclusion, approximately 15% of patients with unresec-
table stage III NSCLC could be cured with chemoradiotherapy
without severe late toxicities after 10 months of follow-up.
Although based on the data from a highly selected population
participated in phase I and phase II trial, this analysis would
strengthen and confirm the previous reports concerning
concurrent chemoradiotherapy with third generation cytotoxic
agents.
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Abstract

Background The aim of our study was to analyze changes
over time in the characteristics, treatment, and outcome of
patients with primary central nervous system lymphoma
(PCNSL).

Methods Data on 315 patients with histologically proven
PCNSL undergoing radiotherapy between 2005 and 2009
were collected from 20 Japanese institutions using a
questionnaire. These data were then compared with data on
273 patients treated during the period 1995-2004 and those
on 466 patients treated during the period 1985-1994.
Results In terms of patient and tumor characteristics, we
found a significant increase in mean patient age in the
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2005-2009 period compared to the 1985-2004 period (63
vs. 58-59 years, respectively) and in the percentage of
patients with better performance status (PS) during the
2005-2009 period compared with the 1995-2004 period
(World Health Organization PS 0-2: 73 vs. 65 %, respec-
tively). Regarding treatment, relative to the 1995-2004
period, significant changes in the 2005-2009 period were
(1) decreased rate of attempting tumor resection (23 vs.
44 %); (2) increased use of chemotherapy (78 vs. 68 %),
and (3) increased use of methotrexate (MTX)-containing
regimens (84 vs. 53 %). The 5-year overall survival
rates were 15.3, 30.1, and 36.5 % for patients seen dur-
ing the 1985-1994, 1995-2004, and 2005-2009 periods,
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respectively, but relapse-free survival did not improve
between the 1995-2004 and 2005-2009 periods (26.7 vs.
25.7 % at 5 years, respectively). Patients receiving MTX-
containing chemotherapy had 5-year survival rates of 19,
50, and 44 % during these three periods, respectively.
Conclusions Although patient backgrounds differed
among the study periods, recent trends were a high patient
age, better PS, avoidance of extensive tumor resection,
more frequent use of chemotherapy, and improved sur-
vival. The recent improvement in survival may be due to
improvements in second-line treatment and supportive
care.

Keywords Lymphoma - Primary CNS lymphoma -
Radiotherapy - Chemotherapy - Soluble interleukin-2
receptor

Intreduction

Primary central nervous system lymphoma (PCNSL) is
increasing in incidence and is currently one of the most
important primary brain tumors. As a consequence, the
clinical features of the disease as well as diagnostic pro-
cedures, recognition guidelines, and treatment policies
have changed considerably. With the widespread recogni-
tion of the disease and improvement in diagnostic modal-
ities, patient status, tumor characteristics, and treatment
policy appear to be changing gradually [1-7]. Unfortu-
nately, however, randomized studies on the treatment of
PCNSL have been scarce, and uncertainties still remain
regarding appropriate management [1-7].

In view of the relative rarity of PCNSL coupled with its
increasing incidence and importance, we have been con-
ducting nationwide surveys aimed at analyzing changes in
the clinical features of the disease, treatment characteris-
tics, and outcomes of the patients. The first study was
conducted by Hayabuchi et al. [8] on patients seen between
1985 and 1994. The following two studies were conducted
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independently by the Japanese Society for Therapeutic
Radiology and Oncology (JASTRO) Lymphoma Study
Group (JLSG) and the Chubu Radiation Oncology Group
(CROG) [9, 10] and included patients seen between 1995
and 1999. The fourth study was conducted by the JLSG and
CROG and included those patients seen between 2000 and
2004 [11]. Data on a total of 739 patients were collected
from the four previous studies. Given the time span of
>5 years since the 2000-2004 survey, the Japan Radiation
Oncology Study Group (JROSG) collected data on patients
seen between 2005 and 2009. In the study reported here,
we analyzed all of the patients in the previous and most
recent surveys. Follow-up information was updated
whenever possible for patients reported in the earlier
studies.

Materials and methods

The study design was approved by the institutional review
board (IRB) of Nagoya City University (Approval Number
506). Submission of the data was approved by the IRBs at
each participating institution. Subjects of all of the surveys
were patients with histologically proven PCNSL who had
received radiation therapy. Patients who were suspected of
having secondary CNS lymphoma were excluded from
enrolling in the survey by each institution. Those patients
who did not complete the planned radiotherapy were
included. The clinical characteristics of the patients, their
treatment, and the prognosis, shown in the Results, were
obtained using a detailed questionnaire.

For our survey, we collected data on 315 patients from
20 Japanese medical institutions who started radiation
therapy between 2005 and 2009. In the previous surveys,
data on 466 patients from 62 institutions seen between
1985 and 1994 were collected [8], and for the period of
1995-1999, a total of 142 patients from 25 Japanese
medical institutions were surveyed within the framework
of the surveys conducted by JLSG and CROG, respectively
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[9, 10]. For the period of 2000~2004, 131 patients from 17
institutions were surveyed by the JLSG and CROG. The
results of these previous surveys were published separately
[8-11]. Since the number of patients included in the
1995-1999 and 2000-2004 surveys is relatively small
compared to the preceding and current surveys, patient data
for these two time periods were combined for this analysis
(n = 273 for the period of 1995-2004). Thus, we com-
pared data on 466, 273, and 315 patients receiving treat-
ment for PCNSL in the periods 1985-1994, 1995-2004,
and 2005-2009, respectively.

A total of 1,054 patients with histologically proven
PCNSL therefore constituted the study population (sub-
jects). Human immunodeficiency virus titer was negative in
all patients who had received the test, and none of the other
patients were considered to have acquired immunodefi-
ciency syndrome-related PCNSL. Of the 20 institutions
that participated in the most recent survey, eight (40 %)
had also participated in the 2000-2004 survey; 76 % of the
institutions which participated in the 2000-2004 survey
had also participated in the 1995-1999 survey, and 68 % of
the institutions participating in the 1995-1999 survey had
also been included in the1985-1994 survey.

The extent of surgical resection had not been ascer-
tained in the 1985-1994 survey, but it had been deter-
mined in the subsequent surveys. All other items were
common to all surveys. Only one new item was added to
the most recent survey: the soluble interleukin-2 receptor
(sIL-2R) level before treatment. The performance status
(PS) was scored using the World Health Organization
(WHO) criteria, and the pre-surgery PS was used for this
analysis. A number of items for which data were unclear
in the previous surveys were included in the newest sur-
vey, and updated information was obtained. As is
expected in such a survey, a number of items were
unanswered by the investigators. Various chemotherapy
regimens had been used, but for the convenience of
analysis, these were categorized as either a high-dose
(=1 g/m*) methotrexate (MTX)-containing regimen, or
others; about two-thirds of non-MTX-containing regimens
were vincristine—cyclophosphamide~doxorubicin—prednis-
olone or similar regimens [12].

Differences in patient, tumor, and treatment character-
istics between groups were examined using the Fisher’s
exact test. Survival rates were calculated from the date of
the patient starting radiotherapy using the Kaplan—Meier
method, and differences in pairs of survival curves were
examined with the log-rank test. All statistical analyses
were carried out using StatView ver. 5 (SAS institute,
Cary, NC) and HALWIN (Gendaisuugakusha, Kyoto,
Japan). The median length of follow-up for living patients
was 33, 40.5, and 35 months for the 1985-1994,
1995-2004, and 2005-2009 periods, respectively.

Results

Table 1 shows patient and tumor characteristics in the three
patient groups treated during the three survey periods.
Several marked changes were noted. The mean patient age
and proportion of patients with PS 0-2 have increased over
time. The proportion of patients with multiple tumors was
52 % in the most recent series, while it was 38 and 47 % in
the previous series. Other patient and tumor characteristics
did not differ significantly between the pairs of groups,
except that the proportion of T cell PCNSL was relatively
higher in patients surveyed in the 1985-1994 study.

Table 2 shows the changes in treatment that occurred
over time. As a surgical procedure, biopsy alone was per-
formed in 77 % of the patients in the most recent series,
whereas it had been performed in 56 % of the patients
during 1995-2004. Over 90 % of the patients were treated
with whole-brain irradiation with or without a focal boost
throughout all study periods. The use of spinal irradiation
decreased from 4.6 % during the 1995-2004 period to
1.6 % during the 2005-2009 survey. Mean total doses did
not differ significantly among the three periods survey.
Whole-brain doses were lower in 1995-2004 and
2005-2009 than in 1985-1994. In contrast, there were
steady increases in the proportion of patients undergoing
systemic chemotherapy over time. In particular, MTX-
containing regimens steadily increased (in 84 % of patients
undergoing chemotherapy in the most recent period).

Figure 1 shows the overall survival curves for the three
groups. Patients treated between 1995 and 2004 and those
treated between 2005 and 2009 showed significantly better
survival rates than those treated between 1985 and 1994
(both P < 0.0001); the median survival time increased
from 18 to 26 to 35 months, respectively. The 5-year sur-
vival was 15.3, 30.1 and 36.5 % for the 1985-1994,
1995-2004, and 2005-2009 periods, respectively. The
P value between 1995-2004 and 2005-2009 was 0.062.
Figure 2 shows the relapse-free survival curves for the
patients with known data on recurrence in these three
periods. Relapse-free survival of the patients was also
better in the two more recent periods than in the period of
1985-1994 (both P < 0.0001). The median time to recur-
rence was 9, 20, and 21 months, and the 5-year relapse-free
survival was 17.8, 26.7, and 25.7 % for 1985-1994,
1995-2004, and 2005-2009, respectively. There was no
difference between the two most recent periods (P = 0.62).

Table 3 summarizes the survival data on the three
groups according to patient- and tumor-related potential
prognostic factors. In all study periods, patients
aged <65 years and those with WHO PS of 0-2 had sig-
nificantly higher survival rates. In one or two of the three
series, patients without B symptoms, those with a normal
lactate dehydrogenase (LDH) level, those with a single
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Table 1 Patient and tumor

Survey period (years) P2

1995-2004 (n = 273)  2005-2009 (n = 315)

. Characteristic
characteristics
1985-1994 (n = 466)
Gender
Male 276 (59)
Age (years)
Mean + SD 58 + 13
Median (range) 60 (5-86)

Performance status (PS)

0-2 229/438 (52)

Lactate dehydrogenase

High 103/267 (39)
B symptomsb
Yes 33/418 (7.9)
Data are presented as the Phenotype
number of patients with the T cell 20/234 (8.5)

percentage given in parenthesis,
unless indicated otherwise

CSF cerebrospinal fluid

? First and second P values are
for comparison between the
1985-1994 and 1995-2004
surveys, and between the
1995-2004 and 2005-2009
surveys, respectively

Tumor number
Multiple

Tumor size at diagnosis (cm)
Mean =+ SD 38+ 14

® B symptoms: fever (>38 °C CSF dissemination
for 3 consecutive days), weight Yes
loss (>10 % in 6 months), and/

175/460 (38)

56/422 (13)

163 (60) 191 (61) 0.90
0.82
59 + 11 62 + 11 0.016
61 (15-93) 63 (17-85) 0.024
1741266 (65) 226/309 (73) 0.0006
0.012
741234 (32) 99/305 (32) 0.11
0.84
19/249 (7.6) 30/299 (10) 0.90
033
8/235 (3.4) 8/302 (2.6) 0.020
0.61
128/271 (47) 163/315 (52) 0.015
028
38+ 1.4 27+ 19 1.0
0.30
43/248 (17) 29/308 (9.4) 0.15
0.83

or drenching night sweats

tumor, and those without CSF dissemination on diagnostic
imaging had better prognoses, but the tumor size was not
associated with the prognosis. Figure 3 shows survival
curves according to the LDH and sIL-2R levels in the most
recent series. Patients with an elevated sIL-2R level tended
to have a poorer prognosis (P = 0.054). Regarding the
association between LDH and sIL-2R levels, 51 % of
patients with a high LDH level also had a high sIL.-2R
level, while the remaining 49 % had a normal sIL-2R level.

To analyze the influence of treatment-related factors on
the outcome, patients who did not complete radiotherapy
(receiving <30 Gy) and those who died soon after com-
pleting radiotherapy were excluded from the analysis.
Table 4 shows survival data according to the treatment-
related factors; no factors were found to be associated with
an improved prognosis throughout all three periods. In the
groups treated during 1995-2004 and 2005-2009, patients
receiving systemic chemotherapy had better survival rates
than those treated with radiation alone, and those who
received MTX-containing chemotherapy had or tended to

@ Springer

have a better prognosis than those who received other
regimens. However, these phenomena were not observed in
patients treated during the preceding decade. No radio-
therapy-related factors were found to be associated with the
prognosis, except that five patients receiving spinal irra-
diation had a poorer prognosis in the 2005-2009 series.
Figure 4 shows the survival curves for patients treated with
high-dose MTX-containing chemotherapy and radiation
during the three survey periods; the patients seen during
1995-2004 and those seen during 2005-2009 had signifi-
cantly better survival rates than those treated during
1985-1994 (P = 0.0030 and 0.0002, respectively), but
there was no difference between the two most recent
periods (P = 0.95).

Discussion

Given the increasing importance of PCNSL tumor in
neuro-oncology, medical organizations in Japan consider it
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Table 2 Treatment

o Characteristic Period (year) p?
characteristics
1985-1994 (n = 466) 1995-2004 (n = 273) 2005-2009 (n = 315)
Surgery
Biopsy - 154/273 (56) 241/315 (77) -
0.000
Radiotherapy course
Not completed 25/466 (5.4) 11/273 (4.0) 5/315 (1.6) 0.42
0.070
Brain radiation field
Partial brain 37/466 (7.9) 271273 (9.9) 21/315 (6.7) 0.36
) 0.16
Spinal radiation
Yes 37/445 (8.3) 12/261 (4.6) 5/315 (1.6) 0.061
0.034
Total dose (Gy)
Mean + SD 484 + 11.2 479 + 10.0 46.9 £ 8.6 0.61
0.35
Whole-brain dose (Gy)
Mean + SD 35.6 4+ 13.7 333+ 13.0 339 + 8.1 0.02
Data are presented as the 057
number of patients with the Iv chemotherapy
percentage given in parenthesis, Yes 212/420 (50) 186/273 (68) 245/315 (78) 0.000
unless indicated otherwise 0.008
b itr}lltravenous,lMYX necal MTX-containing regimen
mefhotrexate, [f Intrathe Yes 47212 (22) 98/186 (53) 206/245 (84) 0.000
? First and second P values are 0.000
for comparison between the :
1985-1994 and 1995-1999 It chemotherapy
surveys, and between the Yes 42/415 (10) 24/273 (8.8) 32/306 (11) 0.56
1995-2004 and 2005-2009 0.50

surveys, respectively

Survival

0 24

48 72 96 120
Months after Radiation

Fig. 1 Survival curves for patients with primary central nervous
system lymphoma (PCNSL) seen in 1985-1994 (filled circle,
n = 466), 1995-2004 (open circle, n = 273), and 2005-2009 (filled
diamond, n = 315). Patients surveyed in 1995-2004 and 2005-2009
showed significantly better survival rates than those surveyed in
19851994 (P < 0.0001), but there was no difference between the
1995-2004 and 2005-2009 groups (P = 0.062)

Relapse-Free Survival

0 24 48 72 96
Months after Radiation

Fig. 2 Relapse-free survival curves for patients with PCNSL seen in
1985-1994 (filled circle, n = 408), 1995-2004 (open circle,
n = 264), and 2005-2009 (filled diamond, n = 315). The patients
surveyed in 1995-2004 and 2005-2009 showed significantly better
relapse-free survival rates than those surveyed in 1985-1994
(P < 0.0001), but there was no difference between the 1995-2004
and 2005-2009 groups (P = 0.62)
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Table 3 Survival data according to patient or tumor-related potential prognostic factors

Prognostic factor  1985-1994 1995-2004 2005-2009
n MST 5-YSR (%) P n MST 5-YSR(%) P n MST 5-YSR(%) P

Gender
Male 276 17 17 0.92 163 26 30 0.76 191 37 38 0.31
Female 190 20 13 110 25 30 124 31 36

Age (years)
<65 294 20 21 0.0001 158 36 40 <0.0001 153 42 47 0.0009
>65 172 14 54 115 17 15 162 29 23

Performance status (PS)
0-2 229 24 20 <0.0001 149 37 37 <0.0001 226 485 44 0.0001
3,4 209 12 10 74 13 14 83 115 14

B symptoms
Yes 33 10 0 0.030 19 15 15 0.028 30 31 30 0.26
No 385 18 17 232 29 35 269 36 39

Lactate dehydrogenase
Normal 164 22 26 0.0007 160 35 37 0.0001 206 40 42 0.050
High 103 14 57 74 16 21 99 29 28

Tumor number
Single 285 22 18 0.0012 143 29 37 0.065 152 40 43 0.096
Multiple 175 12 11 128 23 23 163 31 31

Tumor size (cm)*
<3.5 196 19 15 0.60 125 28 28 0.93 160 37 42 0.45
>3.5 197 17 18 137 26 34 131 335 29

CSF dissemination
Yes 56 10 14 0.039 43 435 36 0.45 29 15 26 0.022
No 366 19 16 205 26 32 279 37 39

MST Median survival time in months, 5-YSR 5-year survival rate
# Maximum tumor diameter at diagnosis

Survival
o

N S S S e e S FAE I T I S M M

72 0 24 48 72
Months after Radiation

Fig. 3 Survival curves for patients treated between 2005 and 2009
according to the serum lactate dehydrogenase (LDH) and soluble
interleukin-2 receptor (sIL-2R) levels. Open circle Normal level
(n = 206 for LDH and 135 for sIL-2R), filled circle elevated level
(n = 99 for LDH and 95 for sIL-2R). The P value was 0.050 for LDH
and 0.054 for sIL-2R

meaningful to survey data on PCNSL every 5 years. To
date, these surveys have been conducted by radiation
oncology groups (JASTRO-JLSG, CROG, and JROSG)

@ Springer

and, therefore, patients undergoing radiotherapy have been
the subjects of these surveys. Consequently, data on
patients treated with chemotherapy alone are unavailable,
which is a limitation of our study. Although treatment with
chemotherapy alone seems to be increasing in use in
Western countries [13-15], such a treatment strategy was
not popular in Japan before 2010—and was in fact
exceptional. Therefore, we are confident that these survey
data represent the status of PCNSL treatment up to and
including 2009 in Japan. More recently, the strategy of
primary chemotherapy with deferred radiotherapy appears
to be gaining acceptance in Japan also, so these data might
serve as a control for the evaluation of different treatment
modalities in the future. Another limitation of our study is
the long study period; patient backgrounds may consider-
ably differ among the study periods, and comparison
among patients in the different eras may be inappropriate
for some items.

Various changes have been noted with regard to patient
and tumor characteristics. The recent increase in aged
patients may be related to the fact that subjects of these



Int J Clin Oncol

Table 4 Survival data according to treatment-related factors

Prognostic factor ~ 1985-1994 1995-2004 2005-2009
n MST 5-YSR(%) P n MST 5-YSR(%) P n MST 5-YSR(%) P

Surgical resection
Extensive - - - - 53 245 30 0.66 40 405 12 0.63
Non-extensive - - - 209 26 29 270 34 38

Radiation field
‘Whole brain 405 19 15 072 236 245 28 0.21 289 36 37 0.67
Partial brain 34 16 17 26 35 43 21 32 28

Spinal radiation
Yes 36 24 19 0.16 11  NR 55 0.30 5 5 -~ 0.0091
No 384 18 15 251 26 28 302 36 37

Total dose (Gy)
<50 134 18 17 097 80 285 34 0.98 141 42 41 0.38
>50 305 8 16 182 25 28 169 325 31

Whole-brain dose (Gy)
<40 156 18 18 043 109 32 34 0.91 216 355 40 0.43
>40 283 18 14 153 23 25 94 32 28

Iv chemotherapy
Yes 202 20 16 030 180 36 39 <0.0001 242 42 41 <0.0001
No 192 16 17 82 14 10 68 125 13

Iv chemotherapy regimen
MTX 46 20 19 0.66 92 555 50 0.061 203 45 44 0.0031
Other 156 21 15 8 29 30 39 27 23

It chemotherapy
Yes 39 16 20 0.78 22 NR 53 0.10 32 NR 59 0.097
No 350 19 16 232 245 26 269 34 34

NR Not reached

Survival

0 24 48 72
Months after Radiation

Fig. 4 Survival curves for patients treated with high-dose metho-
trexate-containing chemotherapy plus radiation in 1985-1994 (filled
circle, n = 46), 1995-2004 (open circle, n = 92), and 2005-2009
(filled diamond, n = 203). The P value was 0.0030 for 1985-1994 vs.
19952004, 0.0002 for 1985-1994 vs. 2005-2009, and 0.95 for
1995-2004 vs. 2005-2009

surveys are histologically proven PCNSL patients. One
possible explanation is the increasing acceptance in recent
years of biopsy—even in aged patients—to confirm the
diagnosis. The incidence of multiple tumors appears to be
increasing, being 52 % in the most recent period compared
to 38 and 47 % in the two earlier surveys, respectively;
most previous reports suggest an incidence of between 30
and 40 % [16-19]. The improvement in imaging modalities
and techniques, including the more frequent use of mag-
netic resonance imaging, may have contributed to the
improved detection of small tumors. The proportion of
T-cell lymphoma was high (8.5 %) in the 1985-1994
period, possibly reflecting the difficulty in determining the
phenotype of lymphoma in that era.

In terms of treatment, attempts at tumor resection have
decreased because it is now clear that surgical resection
does not contribute to an improved prognosis [2, 11]. The
results of our survey also supports this conclusion. How-
ever, Weller et al. [20] recently stated that resection of
PCNSL might play a beneficial role provided that surgery
is safely conducted. We noted no major changes in
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radiotherapy between the different surveys. Shibamoto
et al. [21] suggested the possible use of partial-brain
radiation for solitary lesions, but such a policy has yet to
spread nationwide. Reducing total as well as whole-brain
radiation doses using chemotherapy has not become pop-
ular in Japan. The increased use of systemic chemotherapy
and, in particular, MTX-based regimens appear to be a
worldwide trend, as was also shown in our study.

The prognosis of PCNSL patients has improved
recently. Improvement in supportive care may at least in
part have contributed to these changes. The 5-year survival
was 30.1 and 36.5 % in 1995-2004 and 2005-2009,
respectively. However, relapse-free survival rates did not
differ between these two periods, suggesting that although
second-line treatment at recurrence has prolonged survival,
the cure rate has not yet improved. This trend was also true
for patients treated with high-dose MTX and radiation; no
improvement was seen for the most recent period, sug-
gesting that, in terms of cure, more than half of PCNSLs
are resistant to currently available treatment. New treat-
ments are therefore urgently needed.

Many prognostic factors of PCNSL, such as age, PS, and
tumor multiplicity, have been reported [8, 11, 17, 19, 22],
and the results of the univariate analyses we conducted in
our study agree with previously published data. Conse-
quently, we did not present the multivariate analysis data.
In the most recent survey, we paid attention to sIL-2R as a
prognostic marker and observed that patients with a high
sIL-2R level tended to have a poorer prognosis. The
prognostic value of sIL-2R has been reported for extra-
cranial lymphoma [23, 24], but, to our knowledge, its role
in PCNSL has not been reported. The serum sIL-2R level
reflects the total amount of activated T lymphocytes and is
correlated with disease activity [25]. It can also be elevated
in cancers other than lymphoma, collagen disease, and
infection [25, 26]. Since sIL-2R and LDH levels do not
necessarily correlate with each other, sIL-2R may be
another useful prognostic marker for PCNSL.

Very recently, a few Japanese groups have started to
treat PCNSL patients with chemotherapy alone, following
the trend set in Western countries. A randomized European
study of chemotherapy alone versus chemotherapy -+
radiation indicated that chemotherapy alone was associated
with a decreased progression-free survival, although over-
all survival was similar, partly due to the use of radio-
therapy as a second-line treatment [27]. Since most studies
are conducted in phase II settings, the data presented in our
study may serve as a basis for studying the treatment and
prognosis of PCNSL patients in Japan.

In conclusion, the results of our study reveal that recent
trends in PCNSL are increased patient age, better PS,
tumor multiplicity, avoidance of extensive tumor resec-
tion, more frequent use of high-dose MTX-containing
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chemotherapy, and improved survival, with no improve-
ment in relapse-free survival. Newer strategies are there-
fore necessary to further improve the prognosis of PCNSL
patients, and the present data may serve as a basis for
designing new studies.
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