
Ogura et al. Radiation Oncology 2013, 8:97
http://www.ro-journal.com/content/8/1/97
RESEARCH Open Access
Initial and cumulative recurrence patterns of
glioblastoma after temozolomide-based
chemoradiotherapy and salvage treatment: a
retrospective cohort study in a single institution
Kengo Ogura1, Takashi Mizowaki1*, Yoshiki Arakawa2, Masakazu Ogura1, Katsuyuki Sakanaka1,
Susumu Miyamoto2 and Masahiro Hiraoka1
Abstract

Purpose: To analyze initial recurrence patterns in patients with newly diagnosed glioblastoma after radiotherapy
plus concurrent and adjuvant temozolomide, and to investigate cumulative recurrence patterns after salvage
treatment, including surgery, stereotactic radiotherapy, and chemotherapy.

Methods: Twenty-one patients with glioblastoma that recurred after concurrent temozolomide and localized
radiotherapy were retrospectively analyzed (11 male, 10 female; median age, 57 years; range, 27–74). Disease
progression was assessed by new response criteria proposed by the Response Assessment in Neuro-Oncology
Working Group of the American Society of Clinical Oncology. The pattern of recurrence was determined by
relationships between locations of recurrent tumors and irradiated doses. Central, in-field, marginal, and out-field
recurrences were defined relative to the prescribed isodose line. Distant recurrence was operationally defined as
subependymal or disseminated disease. Initial and cumulative patterns of recurrence were evaluated in each
patient.

Results: The median follow-up of the recurrent patients was 501 (range, 217–1815) days after initial surgery. Initial
recurrences were central in 14 patients (66.7%), in-field in four patients (19.0%), marginal in no patient (0%), out-
field in two patients (9.5%), and distant in four patients (19.0%). One patient had both central and in-field
recurrences simultaneously, and two had both central and distant recurrences. In the analysis of cumulative
recurrence patterns, five patients, who had no scans after initial recurrences, were excluded and the remaining 16
were included. Cumulative recurrences were central in 11 patients (68.8%), in-field in five patients (31.3%), marginal
in three patients (18.8%), out-field in five patients (31.3%), and distant in 14 patients (87.5%). Regarding salvage
treatments, 11 (52.4%), 11 (52.4%) and 17 (81.0%) patients underwent surgery, stereotactic radiotherapy and
chemotherapy, respectively. Eighteen (85.7%) patients had died at the time of analysis, and 16 of them (88.9%) had
suffered distant recurrences, which could have been the immediate causes of death.

Conclusions: Recurrence patterns of glioblastoma after radiotherapy plus concomitant and adjuvant temozolomide
were mainly central at first, and distant recurrences were often detected during the clinical course. Much better
local control and prevention of distant recurrence, including effective salvage treatment, seem to be important.

Keywords: Glioblastoma, Recurrence patterns, Temozolomide, Radiotherapy, RANO criteria, Salvage treatment
* Correspondence: mizo@kuhp.kyoto-u.ac.jp
1Departments of Radiation Oncology and Image-applied Therapy, 54
Kawahara-cho, Shogoin Sakyo-ku, Kyoto 606-8507, Japan
Full list of author information is available at the end of the article

© 2013 Ogura et al.; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

mailto:mizo@kuhp.kyoto-u.ac.jp
http://creativecommons.org/licenses/by/2.0


Ogura et al. Radiation Oncology 2013, 8:97 Page 2 of 9
http://www.ro-journal.com/content/8/1/97
Background
Glioblastoma (GBM) is a malignant primary brain tumor
with locally aggressive nature and dismal prognosis. The
standard therapy for newly diagnosed GBM is maximal
safe resection followed by radiotherapy and concurrent/
adjuvant chemotherapy with temozolomide (TMZ) [1].
When assessing the response to treatments for GBM, re-
sponse criteria defined by Macdonald et al. [2] have been
widely adopted. The assessment of tumor response is
based on the size of the contrast-enhancing tumor on
computed tomography (CT) or magnetic resonance
imaging (MRI), considering clinical state and corticoster-
oid dose. Recent studies [3-5], however, have reported a
number of limitations to these criteria. The main limitation
is that Macdonald’s criteria rely on the change in contrast
enhancement. The volume or intensity of contrast en-
hancement is influenced by various factors. In particular,
the emergence of TMZ and antiangiogenic therapy, such as
bevacizumab, has made the evaluation of tumor response
difficult because of the phenomena of pseudo-progression
and pseudo-response.
Recently, recurrence patterns after TMZ-based chemo-

radiotherapy have been reported [6-10]. These studies
were based mainly on Macdonald’s criteria or modified
criteria in each institution. New response criteria have
been proposed by the Response Assessment in Neuro-
Oncology (RANO) Working Group of the American Soci-
ety of Clinical Oncology (RANO criteria) to overcome the
difficulty with Macdonald’s criteria [11]. In this study, we
retrospectively analyzed the initial recurrence patterns of
GBM after TMZ-based chemoradiotherapy, referring to
the RANO criteria, and we also investigated cumulative
patterns of failure after salvage treatment, including sur-
gery, stereotactic radiotherapy (SRT), and chemotherapy.
To our knowledge, this is the first report of use of the
RANO criteria for the retrospective analysis of recurrence
patterns of glioblastoma.

Methods
Patient population
From March 2006 through February 2011, 47 consecu-
tive patients with newly diagnosed GBM were treated
with concurrent TMZ and RT at our hospital. In this
study, 10 of those patients were excluded from the ana-
lysis for the following reasons: one patient was lost to
follow up, two died shortly after the completion of RT,
with no follow-up MRI scans available, one had renal
failure and could not undergo contrast enhanced MRI
scans, two had multifocal lesions and received whole-
brain radiotherapy for the initial radiation field, one was
part of a clinical study in which target delineation was
different from our daily clinical practice, one had another
lesion that was suspected to be low-grade glioma on the
contralateral side, one underwent hypofractionated SRT as
a boost, and one underwent stereotactic radiosurgery as
initial treatment at another hospital. This retrospective
study is in compliance with the Declaration of Helsinki
(Sixth Revision, 2008). All data were collected retrospect-
ively and in accordance with institutional ethical policies.

Treatment and follow-up
The patients underwent maximal safe tumor resection or
stereotactic biopsy and were pathologically diagnosed as
GBM. After the diagnosis, they received RT and concur-
rent/adjuvant TMZ. The dose of TMZ was 75 mg/m2/day
during the RT and 150-200 mg/m2/day for 5 days every
28 days as adjuvant treatment until disease progression.
The dosage was reduced or sustained in patients with se-
vere toxicity at the decision of the treating physician.
Patients were evaluated with contrast-enhanced MRI

before and after neurosurgery. Then, they were followed
up with MRI after the completion of RT and every 1 to
2 months thereafter, or according to clinical symptoms.
Patients with suspicious pseudo-progression were ob-
served without changing adjuvant chemotherapy. If the
lesions were stable or resolved during follow up, these
cases were considered to be pseudo-progression. Positron
emission tomography imaging or surgical procedures were
performed for differential diagnosis as necessary. When
the lesions were continuously growing with or without
clinical symptoms, surgical procedures including stereo-
tactic biopsy were recommended for differential diagnosis
at the discretion of the treating physician.

Radiation therapy
Patients were immobilized with thermoplastic masks in
the supine position and underwent CT simulation with a
0.25-cm slice thickness. Radiation treatment planning was
performed with the Varian Eclipse Treatment Planning
System. Preoperative and postoperative MRI images were
fused with planning CT images. The gross target volume
(GTV) was defined as the sum of the resection cavity
and the residual tumor based on postoperative contrast-
enhanced MRI. The clinical target volume (CTV) was
classified into CTV1 and CTV2. CTV1 was defined by
adding a 2-cm margin to the GTV and was modified to
include high-intensity areas of T2 or fluid-attenuated in-
version recovery (FLAIR) sequences based on pre- and
postoperative MRI. CTV2 was identical to the GTV.
These are depicted graphically in Figure 1. The CTV1 was
manually edited according to the anatomic barriers to
tumor spread such as bone, ventricles, cerebral falx, and
cerebellar tentorium. The CTV1 was also modified if
sparing of radiosensitive organs such as optic nerves, chi-
asm, and brain stem was needed. Then, the CTV1 and the
CTV2 were expanded 0.5 cm to create planning target
volume (PTV) in consideration of set-up error and patient
motion, named as PTV1 and PTV2, respectively.



Figure 1 The target delineation method used in our hospital.
GTV = gross target volume, CTV = clinical target volume, FLAIR =
fluid-attenuated inversion recovery, HIA = high intensity area.
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Of the 37 eligible patients, 32 (86.5%) were treated with
three-dimensional conformal radiotherapy (3D-CRT). The
dosage was 50 Gy in 25 fractions for PTV1 followed by
10 Gy in five fractions for PTV2. The remaining five
patients (13.5%) were treated with intensity modulated
radiation therapy (IMRT) using a simultaneous integrated
boost (SIB) technique. The dose prescription was as fol-
lows: 54 Gy in 30 fractions (1.8 Gy per fraction) was pre-
scribed for PTV1, and 60 Gy for PTV2 in 30 fractions
(2 Gy per fraction) simultaneously.

Analysis of recurrences
We retrospectively analyzed the response to treatment
and the patterns of recurrence, referring to the RANO
criteria [11]. Briefly, progression is defined as: increase
in 25% of the product of perpendicular diameters of en-
hancing lesions, a significant increase in the T2/FLAIR
non-enhancing component, appearance of new lesions,
and clinical deterioration not attributable to causes other
than the tumor or reduction in corticosteroid dose.
Within 12 weeks after completion of progressive disease
can be defined only if there is a new lesion(s) outside of
the radiation field or if there is unequivocal evidence of
a viable tumor on histopathological sampling. According
to these criteria, we took into account both pseudo-
progression and pseudo-response. We assessed tumor
progression by not only the contrast-enhancing compo-
nent but also the non-enhancing one for patients treated
with antiangiogenic therapy. Corticosteroid dose and
clinical status were also considered.
When tumors were diagnosed as progressive, the MRI

scans at that time were registered with the initial plan-
ning CT using the Varian Eclipse software (ver. 8.6).
Then, the relationship between the location of recurrent
tumors and the delivered radiation doses was assessed.
The recurrent tumors were delineated as recurrent
tumor volume (RTV), and the dose distribution of initial
radiotherapy was overlaid. The patterns of recurrence
were categorized into five groups: central if more than
95% of the RTV was included in the 95% isodose line of
60 Gy, in-field if more than 95% of the RTV overlapped
with the 95% isodose line of 50 Gy (for 3D-CRT; 54 Gy
for IMRT), marginal if 95% or less of the RTV overlapped,
out-field if none of the RTV overlapped, and distant when
subependymal or disseminated recurrence was detected
on MRI scans or cerebrospinal examination. Initial and
cumulative recurrence patterns were estimated according
to these definitions. In the assessment of cumulative re-
currence, each pattern of recurrence was counted every
time a new recurrent lesion was detected in follow-up
MRI scans after initial recurrence. Patients who had no
successive scans after initial recurrence were excluded
from the analysis of cumulative recurrence patterns.
In our hospital, antiangiogenic therapy was not used as

a first regimen, and we usually did not need to consider
non-enhancing lesions when analyzing initial patterns of
recurrence. On the other hand, we should consider those
lesions when analyzing cumulative recurrence because
some patients were treated with antiangiogenic agents as
salvage therapy. For recurrent tumors with no enhance-
ment, T2/FLAIR images were registered with the initial
planning CT, and RTV was delineated as continuously
growing T2/FLAIR high intensity signal on stable or in-
creasing doses of corticosteroids.
Overall survival (OS) and progression-free survival

(PFS) of recurrent patients were estimated. OS was calcu-
lated from the date of initial surgery to that of death or
last follow-up. PFS was calculated from the date of initial
surgery to that of disease progression defined by the
RANO criteria. Both were measured using the Kaplan-
Meier method.

Results
Survival
To date, of 37 eligible patients, 21 (56.8%) have been di-
agnosed with progressive disease. The characteristics of
recurrent patients are summarized in Table 1. Eighteen
(85.7%) died at a median follow-up of 501 (range, 217–
1815) days after initial surgery. The 1-year and 2-year
OSs of recurrent patients were 81.0% (95% confidence
interval [CI], 65.8–99.6) and 31.7% (95% CI, 16.7–60.4),
respectively. The 6-month and 12-month PFSs of



Figure 2 Overall survival and progression-free survival. Overall
survival (OS) and progression-free survival (PFS) of 21 recurrent
patients were estimated using the Kaplan-Meier method.
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recurrent patients were 66.7% (95% CI, 49.2–90.2) and
19.1% (95% CI, 7.9–46.0), respectively (Figure 2).

Patterns of failure
The results of recurrence patterns and typical cases are
shown in Figures 3 and 4, respectively. Details of recu-
rrence patterns and salvage treatments are summarized
in Table 2. All of the initial recurrences were diagnosed
as new or enlarged contrast-enhancing lesions on MRI
scans. Central recurrence was most often observed as
the initial recurrence. One patient had both central and
in-field recurrences simultaneously, and two had both
central and distant recurrences. The median times from
initial surgery to initial failure were 191 (range, 90-1430)
days for central/in-field recurrences and 161.5 (range,
111–425) days for other recurrences. Regarding tumor
locations, 14 of 21 recurrent patients had primary tu-
mors adjacent to the ventricles and four of them (28.6%)
had distant recurrences as initial patterns; two had
central and distant recurrences simultaneously, and the
other two had only distant recurrences. On the other
hand, none of the remaining seven patients with primary
tumors not adjacent to the ventricles had distant recur-
rences as initial patterns. Regarding cumulative recur-
rences, 16 patients had successive follow-up MRI scans
after initial recurrence and were included in the analysis.
The remaining five patients underwent no follow-up
Table 1 Characteristics of 21 recurrent patients

Characteristics No. (%)

Gender

Male 11 (52.4)

Female 10 (47.6)

Age (years)

Median 57

Range 27-74

Karnofsky performance status

< 70 6 (28.6)

70–80 11 (52.4)

90–100 4 (19.0)

RTOG-RPA classification

III 3 (14.3)

IV 7 (33.3)

V 7 (33.3)

VI 4 (19.0)

Extent of surgery

Gross total resection 8 (38.1)

Subtotal resection 3 (14.3)

Partial resection 8 (38.1)

Biopsy 2 (9.5)

RTOG-RPA: Radiation Therapy Oncology Group recursive partitioning analysis.
imaging after initial recurrence because of poor perfor-
mance status due to progressive disease in four patients
(all had distant recurrences) and changing hospital in
the other patient. Central and distant recurrences were
the most often detected (Figure 3, Table 2). Distant re-
currence was observed in almost all the patients who
died (16 of 18 patients); 14 of these 16 patients had an
uncontrollable local lesion(s) before distant recurrence
occurred. The median survival time after the diagnosis
of distant recurrence was 149 (range, 63–394) days.
Figure 3 Summary of initial and cumulative recurrence
patterns. Initial and cumulative recurrence patterns in 21 and 16
recurrent patients, respectively. The red bars indicate initial
recurrences and the blue bars cumulative recurrences.



Figure 4 Examples of recurrence patterns. Examples of recurrence patterns on T1-weighted magnetic resonance imaging with contrast:
central (a), in-field (b), marginal (c), out-field (d), and distant recurrences (e). Red contours indicate recurrent tumors. Green and yellow lines
indicate 95% isodose lines of 60 Gy and 50 Gy, respectively.
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Eleven patients (52.4%) underwent salvage surgery for
recurrence once or twice; all had central lesions, and
two had in-field lesions. The time between initial surgery
and first salvage surgery was a median of 262 (range,
92–1470) days. Eleven patients (52.4%) underwent
salvage SRT for recurrence once or more; six had central
lesions, four had in-field lesions, two had marginal
lesions, three had out-field lesions, and one had a
subependymal lesion. The median time between initial
surgery and first SRT was 392 (range, 152–1498) days.
Fifteen patients (71.4%) received surgery and SRT to-
gether as local salvage. At the time of initial recurrence,
10 patients underwent local salvage for central lesions,
but nine of these suffered from central recurrence again.
Local salvage was performed once in three patients,
twice in seven patients, three times in four patients, and
four times in one patient. Twelve of these 15 patients
had died at the time of analysis, and 10 of the 12 pa-
tients had subependymal or disseminated disease at the
last follow-up MRI.
Patients underwent a median of four cycles of adjuvant

TMZ chemotherapy before tumor progression (range, 0–
44 cycles). Seventeen patients (81.0%) underwent salvage
chemotherapy after the initial recurrence. Seventeen
patients (81.0%) received ifosfamide, carboplatin, and
etoposide (ICE) as a first salvage chemotherapy regimen.
Other regimens were as follows: bevacizumab in nine
patients (42.9%), an alternative regimen of TMZ in two
patients, nimustin (ACNU) and TMZ in one patient,
irinotecan and TS-1 in one patient, and etoposide by oral
administration in one patient. With regard to pseudo-
response, three of the nine patients (33.3%) had continu-
ously growing tumors with no contrast enhancement
during treatment with bevacizumab and were diagnosed
with progressive disease. After the treatment with beva-
cizumab, first recurrence patterns were local in five pa-
tients, distant in three patients, and both in one patient.
Pseudo-progression was observed in two of 21 recur-

rent patients (9.5%), 20 and 57 days after the completion
of initial RT. On the other hand, it was observed in six
of 16 non-recurrent patients (37.5%) at a median of 73
(range, 34–260) days after the completion of initial RT,
and these patients have shown no clear evidence of pro-
gressive disease to date. Pseudo-progression was diag-
nosed by surgical/histological assessment in five patients
and by follow-up MRI scans in the remaining three
patients. From a slightly different viewpoint, nine of 37
patients (24.3%) were suspected to have progression or
pseudo-progression within 12 weeks after the comple-
tion of initial RT. The proportion of pseudo-progression
was accordingly 55.6% (five of nine contrast-enhancing
lesions) within 12 weeks.

Discussion
In our study, central recurrence was main pattern of ini-
tial recurrence, and this finding was consistent with
other recent reports [6-10]. In the era of TMZ, the initial
pattern of failure still seems to be central and seems to
be unchangeable. A comparison between our study and
previously reported studies is summarized in Table 3.
Target delineation and method of analyzing the pattern
of recurrence were slightly or sometimes quite different
at each institution. In our hospital, the target delineation
was relatively small in both initial and boost fields. The
pattern of recurrence showed, however, almost the same
tendency. The proportion of central recurrence seemed



Table 2 Details of recurrence patterns and salvage treatments

Patient no. Patterns of recurrence Salvage treatmentb Current status

Initial Cumulativea

Central In-field Marginal Out-field Distant Surgery SRT Chemo

1 Distant - - - - - 0 0 - Dead

2 Central 3 0 1 0 2 Central (1) Central(1) ICE, BEV Dead

Marginal (1)

3 Distant - - - - - 0 0 ICE Dead

4 Out-field 0 0 0 2 0 0 Out-field (2) ICE, BEV,
Others

Dead

5 Central 1 0 0 0 1 Central (2) Central (1) ICE Dead

6 Central 1 0 0 0 0 Central (2) 0 ICE Dead

7 Central 2 0 1 0 2 Central (2) Central (1) ICE, BEV,
Others

Dead

8 Central 2 0 0 0 1 0 0 ICE, BEV Dead

9 In-field 1 0 1 2 1 Central + In-
field (1)

Marginal (1) ICE, BEV Dead

10 Central 0 1 0 1 1 Central (1) 0 ICE, BEV Dead

11 Central 2 1 0 0 1 Central (1) Central (2) ICE, BEV,
Others

Dead

In-field (1)

12 Out-field 0 0 0 2 1 0 Out-field (1) ICE, BEV Alive

13 Central 0 0 0 0 1 0 0 ICE Dead

14 Central 2 0 0 0 1 Central (2) Central (1) ICE, BEV Dead

15 In-field - - - - - 0 In-field (1) - Alive

16 Central,
In-field

1 1 0 0 1 Central (1) Central + ICE, BEV Dead

In-field (1)

17 Central,
Distant

- - - - - 0 0 - Dead

18 Central 1 1 0 0 1 Central (1) 0 ICE Dead

In-field (1)

19 Central 1 0 0 0 1 Central (2) 0 ICE Dead

20 In-field 0 1 0 1 1 0 In-field (1) ICE, Others Alive

In-field + Out-field +
Distant (1)

21 Central,
Distant

- - - - - 0 0 - Dead

BEV: bevacizumab.
ICE: ifosfamide, carboplatin, and etoposide.
SRT: stereotactic radiotherapy.
aCumulative recurrence patterns were classified and counted each time a new recurrent lesion was detected in follow-up MRI scans after the initial recurrence.
Five patients had no scans after the initial recurrence and were excluded from the analysis of cumulative recurrence.
bRegarding local salvage, recurrence patterns of treated lesions are described; repeat local salvage numbers are also indicated.
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to be slightly lower in our study. This would be due to
the method of analysis. Our clinical target volume in the
boost field was smallest, and therefore the volume of re-
current tumors would easily protrude outside the 95%
isodose line of 60 Gy due to the nature of the analysis.
The proportion of central and in-field recurrences taken
together was 81.0% (17 of 21 patients) in our study. This
value was almost the same as in previous reports. Add-
itionally, the proportion of marginal recurrence was
fairly low in our hospital. These results suggest that a
larger field seems to be unnecessary, which can help
limit the irradiated volume of normal brain tissues.
No optimal treatment volume for glioblastoma has yet

been established [12]. For example, the guidelines for tar-
get delineation of the European Organization for Research
and Treatment of Cancer (EORTC) and the Radiation
Therapy Oncology Group (RTOG) are quite different. In
the EORTC guidelines, the CTV is defined as the



Table 3 Summary of studies of recurrence patterns of glioblastoma in the temozolomide era

Author Clinical target delineation and prescribed dose Analyzed recurrent
patients

Proportion of central
recurrence(year) CTV1 (initial field) CTV2 (boost field)

Brandes et al. [6] Enhanced tumor area according to
preoperative imaging plus 2–3 cm

None (identical with
initial field)

79 72.2%a

60 Gy in 30 fractions

Milano et al. [7] Edema plus 2 cm Residual tumor/resection
cavity plus 2–2.5 cm

39 80%b

46–50 Gy in 23–25 fractions
60 Gy in 30 fractions

Minniti et al. [8] Residual tumor/resection cavity plus 2 cm Residual tumor/resection
cavity plus 1–2 cm

105 75.2%c

50 Gy in 25 fractions 60 Gy in 30 fractions

McDonald et al. [9] Edema plus 0.5–1.2 cm Residual tumor/resection
cavity plus 0–1 cm

41 78%d

46–54 Gy in 23–30 fractions
60 Gy in 30 fractions

Dobelbower et al. [10] Primary tumor and surrounding edema plus
0.5 cm on postoperative imaging

Residual tumor/resection
cavity plus 0.5 cm

20 90%a

60Gy in 30 fractions46 Gy in 23 fractions

Present Study Residual tumor/resection cavity plus
2 cm and edema

Residual tumor/resection
cavity plus 0 cm

21 66.7%

50–54 Gy in 25–30 fractions 60 Gy in 30 fractions

CTV: clinical target volume.
aThe term “central” was not actually used in the report. Instead, “in-field” recurrence was defined as 80% of the tumor recurrence residing within the prescribed
95% isodose surface.
bCentral recurrence was defined as growth of the original tumor or arising tumor(s) from the resection cavity.
cCentral recurrence was defined as more than 95% of the recurrence volume within the 95% isodose line of 60 Gy.
dCentral recurrence was defined as more than 95% of the recurrence volume inside the 100% isodose line of 60 Gy.
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contrast-enhancing lesion plus a 2–3 cm margin and is
not changed between the initial and boost radiation field
[1]. On the other hand, in the RTOG guidelines, the CTV
is defined as peritumoral edema plus 2 cm in the initial
field and the residual tumor plus 2 cm in the boost field
(e.g., RTOG 0525 and RTOG 8525 trials) [8]. In our hos-
pital, the treatment volume is relatively small, especially in
the boost field. Since the 1980s, the pre-conformal radio-
therapy era, initial and boost field techniques have been
used continuously. The distances from the tumor to the
field edge were 3 and 1 cm in the initial and boost fields,
respectively. Next, the margin from the tumor to the field
edge has been consistent since the 1980s to-date. In the
pre-TMZ era, Shibamoto et al. [13,14] reported that initial
relapse developed within the irradiated volume in almost
90% GBM patients and marginal recurrence was rare in
our hospital. Additionally, Chang and colleagues [15] at
the University of Texas M.D. Anderson Cancer Center
(MDACC) reported initial recurrence patterns with a lim-
ited radiation field. In the boost field, target delineation of
CTV at MDACC was the same as in our hospital. In the
initial field, the CTV was GTV plus 2 cm without
intentional inclusion of peritumoral edema, which was
smaller than in our hospital. Nevertheless, almost all
initial recurrences developed within the full-dose volume.
Considering these findings, we think smaller target
volumes may be regarded as valid. The efficacy using
smaller target volumes needs to be demonstrated in future
prospective studies.
For recurrent GBM, we actively perform salvage ther-

apy including surgery and SRT. The overall survival in
our study seemed to be fairly good even though it was
estimated with only recurrent patients (Figure 2). We
believe that this prolonged survival was attributable to
active local salvage therapy, and salvage chemotherapy
with ICE treatment, which is our first regimen for recur-
rent GBM [16]. On the other hand, local recurrences
were continuously observed after each salvage therapy,
and distant recurrences became apparent in almost all
the patients. Milano et al. [7] reported cumulative recur-
rence patterns and showed that distant recurrences were
often seen for those surviving longer. This could be
interpreted to suggest that patients may survive longer
until distant recurrence occurs, whereas it is not fully
clarified whether better local control including salvage
therapy contributes to longer survival. In our results,
almost all the patients who died with distant recurrence
suffered from continuous local failures until distant
recurrence occurred. Once the distant recurrence was
apparent, the prognosis was very poor, although it was
difficult to know whether the direct cause of death was
local and/or distant failure. We would like to propose at
least two hypotheses: first, distant recurrence occurs due
to continuous failure of local control; second, distant
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recurrence is the manifestation of disease that is not
detectable at the time of initial treatment. To our know-
ledge, no useful approaches exist after distant recurrence.
A strategy to prevent distant recurrence, including much
better local control and salvage treatment, seems to be
important.
On the other hand, genetic background also seems to

influence recurrence patterns. Brandes et al. [6] showed
that the patterns of recurrence are correlated with O6-
methylguanine-DNA methyltransferase (MGMT)-pro-
moter methylation status. They reported that patients
with MGMT unmethylated status were more likely to
have central recurrences than were those with MGMT
methylated status. In this report, we did not survey the
status of MGMT methylation and could not conclude
how this status influenced on our results. Treatment
strategy according to biological information such as ge-
netic status seems to be preferable in the future.
The presentation of pseudo-progression has been

reported to occur at 1–10 months and commonly
within 3 months after the completion of initial
chemoradiotherapy with TMZ [17]. The precise mech-
anism of pseudo-progression has not been fully eluci-
dated, but it has been suggested that this phenomenon
represents a continuum between the subacute radiation
reaction and treatment-related necrosis [17-19]. A re-
cent study [20] revealed that this phenomenon can be
predicted by MGMT-promoter methylation status and
could be a potential marker of survival benefit after
TMZ-based chemoradiotherapy for GBM. In our study,
although we did not assess MGMT status, pseudo-
progression was observed more often in non-recurrent
patients (37.5%; six of 16 patients) than recurrent pa-
tients (9.5%; two of 21 patients). This result was con-
sistent with the previous reports and suggests that
pseudo-progression could be a predictive marker of
better clinical outcome.
Limitations of our study were its retrospective nature,

the heterogeneity of salvage treatment, the absence of
information on genetic background, and the small sam-
ple size. However, this study provides some evidence
based on new response criteria and showed the same
tendency of recurrence pattern as previous reports. To
our knowledge, this is the first report of use of the
RANO criteria for the retrospective analysis of both ini-
tial and cumulative recurrence patterns of glioblastoma.
Furthermore, MRI was conducted relatively frequently
in our institution, which helped us more precisely know
the change in tumor regression or progression and the
cumulative recurrences. Additionally, the target delinea-
tion with limited margin was thought to support other
recent reports and to be preferable in future treatment,
although only a prospective study with survival as an
endpoint can resolve this.
Conclusions
The initial recurrence pattern of GBM was mainly cen-
tral, but scrupulous attention to pseudo-progression is
necessary during early periods after initial treatment.
After initial recurrence, distant recurrence was also
frequently observed. Much better local control and pre-
vention of distant recurrence, including effective local
salvage treatment, seem to be important.

Consent
Written informed consent was obtained from the pa-
tient for publication of this report and any accompany-
ing images.

Abbreviations
3D-CRT: Three-dimensional conformal radiotherapy; BEV: Bevacizumab;
CI: Confidence interval; CT: Computed tomography; CTV: Clinical target
volume; EORTC: European Organization for Research and Treatment of
Cancer; FLAIR: Fluid-attenuated inversion recovery; GBM: Glioblastoma;
GTV: Gross target volume; ICE: Ifosfamide, carboplatin, and etoposide;
IMRT: Intensity-modulated radiation therapy; MDACC: M.D. Anderson Cancer
Center; MGMT: O6-methylguanine-DNA methyltransferase; MRI: Magnetic
resonance imaging; OS: Overall survival; PFS: Progression-free survival;
PTV: Planning target volume; RANO: Response assessment in neuro-oncology;
RTOG: Radiation Therapy Oncology Group; RTV: Recurrent tumor volume;
SIB: Simultaneous integrated boost; SRT: Stereotactic radiotherapy;
TMZ: Temozolomide.

Competing interests
The authors declare that they have no competing interest.

Authors’ contributions
KO and TM conceived the study, and participated in its design and
coordination. All authors participated in the acquisition/analysis of the data.
KO and TM drafted the manuscript. YA, MO, KS, SM, and MH critically
reviewed/revised the manuscript. All authors read and approved the final
manuscript.

Acknowledgements
This work was supported, in part, by Grants-in-Aid for Scientific Research
from the Ministry of Education, Culture, Sports, Science, and Technology of
Japan (20229009).

Author details
1Departments of Radiation Oncology and Image-applied Therapy, 54
Kawahara-cho, Shogoin Sakyo-ku, Kyoto 606-8507, Japan. 2Neurosurgery,
Kyoto University Graduate School of Medicine, 54 Kawahara-cho, Kyoto
606-8507, Japan.

Received: 7 August 2012 Accepted: 14 April 2013
Published: 23 April 2013

References
1. Stupp R, Mason WP, van den Bent MJ, Weller M, Fisher B, Taphoorn MJ,

Belanger K, Brandes AA, Marosi C, Bogdahn U, Curschmann J, Janzer RC,
Ludwin SK, Gorlia T, Allgeier A, Lacombe D, Cairncross JG, Eisenhauer E,
Mirimanoff RO: Radiotherapy plus concomitant and adjuvant
temozolomide for glioblastoma. N Engl J Med 2005, 352:987–996.

2. Macdonald DR, Cascino TL, Schold SC Jr, Cairncross JG: Response criteria
for phase II studies of supratentorial malignant glioma. J Clin Oncology:
Official J Am Soc Clin Oncology 1990, 8:1277–1280.

3. Henson JW, Ulmer S, Harris GJ: Brain tumor imaging in clinical trials. AJNR
Am J Neuroradiol 2008, 29:419–424.

4. Sorensen AG, Batchelor TT, Wen PY, Zhang WT, Jain RK: Response criteria
for glioma. Nat Clin Pract Oncol 2008, 5:634–644.

5. van den Bent MJ, Vogelbaum MA, Wen PY, Macdonald DR, Chang SM: End
point assessment in gliomas: novel treatments limit usefulness of classical



Ogura et al. Radiation Oncology 2013, 8:97 Page 9 of 9
http://www.ro-journal.com/content/8/1/97
Macdonald's Criteria. J Clin Oncology: Official J Am Soc Clin Oncology 2009,
27:2905–2908.

6. Brandes AA, Tosoni A, Franceschi E, Sotti G, Frezza G, Amista P, Morandi L,
Spagnolli F, Ermani M: Recurrence pattern after temozolomide
concomitant with and adjuvant to radiotherapy in newly diagnosed
patients with glioblastoma: correlation With MGMT promoter
methylation status. J Clin Oncology: Official J Am Soc Clin Oncology 2009,
27:1275–1279.

7. Milano MT, Okunieff P, Donatello RS, Mohile NA, Sul J, Walter KA, Korones
DN: Patterns and timing of recurrence after temozolomide-based
chemoradiation for glioblastoma. Int J Radiat Oncol Biol Phys 2010,
78:1147–1155.

8. Minniti G, Amelio D, Amichetti M, Salvati M, Muni R, Bozzao A, Lanzetta G,
Scarpino S, Arcella A, Enrici RM: Patterns of failure and comparison of
different target volume delineations in patients with glioblastoma
treated with conformal radiotherapy plus concomitant and adjuvant
temozolomide. Radiother Oncol 2010, 97:377–381.

9. McDonald MW, Shu HK, Curran WJ Jr, Crocker IR: Pattern of failure after
limited margin radiotherapy and temozolomide for glioblastoma.
Int J Radiat Oncol Biol Phys 2011, 79:130–136.

10. Dobelbower MC, Burnett Iii OL, Nordal RA, Nabors LB, Markert JM, Hyatt MD,
Fiveash JB: Patterns of failure for glioblastoma multiforme following
concurrent radiation and temozolomide. J Med Imaging Radiat Oncol
2011, 55:77–81.

11. Wen PY, Macdonald DR, Reardon DA, Cloughesy TF, Sorensen AG, Galanis E,
Degroot J, Wick W, Gilbert MR, Lassman AB, Tsien C, Mikkelsen T, Wong ET,
Chamberlain MC, Stupp R, Lamborn KR, Vogelbaum MA, van den Bent MJ,
Chang SM: Updated response assessment criteria for high-grade gliomas:
response assessment in neuro-oncology working group. J Clin Oncology:
Official J Am Soc Clin Oncology 2010, 28:1963–1972.

12. Ghose A, Lim G, Husain S: Treatment for glioblastoma multiforme: current
guidelines and Canadian practice. Curr Oncol 2010, 17:52–58.

13. Shibamoto Y, Yamashita J, Takahashi M, Yamasaki T, Kikuchi H, Abe M:
Supratentorial malignant glioma: an analysis of radiation therapy in 178
cases. Radiother Oncol 1990, 18:9–17.

14. Shibamoto Y, Nishimura Y, Tsutsui K, Sasai K, Takahashi M, Abe M:
Comparison of accelerated hyperfractionated radiotherapy and
conventional radiotherapy for supratentorial malignant glioma. Jpn J Clin
Oncol 1997, 27:31–36.

15. Chang EL, Akyurek S, Avalos T, Rebueno N, Spicer C, Garcia J, Famiglietti R,
Allen PK, Chao KS, Mahajan A, Woo SY, Maor MH: Evaluation of
peritumoral edema in the delineation of radiotherapy clinical target
volumes for glioblastoma. Int J Radiat Oncol Biol Phys 2007, 68:144–150.

16. Aoki T, Mizutani T, Nojima K, Takagi T, Okumura R, Yuba Y, Ueba T,
Takahashi JA, Miyatake S, Nozaki K, Taki W, Matsutani M: Phase II study of
ifosfamide, carboplatin, and etoposide in patients with a first recurrence
of glioblastoma multiforme. J Neurosurg 2010, 112:50–56.

17. Topkan E, Topuk S, Oymak E, Parlak C, Pehlivan B: Pseudoprogression in
patients with glioblastoma multiforme after concurrent radiotherapy
and temozolomide. Am J Clin Oncol 2012, 35:284–289.

18. Brandsma D, Stalpers L, Taal W, Sminia P, van den Bent MJ: Clinical
features, mechanisms, and management of pseudoprogression in
malignant gliomas. Lancet Oncol 2008, 9:453–461.

19. Taal W, Brandsma D, de Bruin HG, Bromberg JE, Swaak-Kragten AT, Smitt
PA, van Es CA, van den Bent MJ: Incidence of early pseudo-progression in
a cohort of malignant glioma patients treated with chemoirradiation
with temozolomide. Cancer 2008, 113:405–410.

20. Brandes AA, Franceschi E, Tosoni A, Blatt V, Pession A, Tallini G, Bertorelle R,
Bartolini S, Calbucci F, Andreoli A, Frezza G, Leonardi M, Spagnolli F, Ermani
M: MGMT promoter methylation status can predict the incidence and
outcome of pseudoprogression after concomitant radiochemotherapy in
newly diagnosed glioblastoma patients. J Clin Oncology: Official J Am Soc
Clin Oncology 2008, 26:2192–2197.

doi:10.1186/1748-717X-8-97
Cite this article as: Ogura et al.: Initial and cumulative recurrence
patterns of glioblastoma after temozolomide-based chemoradiotherapy
and salvage treatment: a retrospective cohort study in a single
institution. Radiation Oncology 2013 8:97.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Purpose
	Methods
	Results
	Conclusions

	Background
	Methods
	Patient population
	Treatment and follow-up
	Radiation therapy
	Analysis of recurrences

	Results
	Survival
	Patterns of failure

	Discussion
	Conclusions
	Consent

	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

