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Aim: Evaluating the recurrence patterns of high-grade astrocytomas in patients who were
treated with radiotherapy (RT) plus temozolomide (TMZ).

Background: The current literature suggests that reducing the margins added to the CTV
does not significantly change the risk of recurrence and overall survival; thus, we decided
to analyze our data and to examine the possibility of changing the adopted margins.
Materials and methods: From February 2008 till September 2013, 55 patients were treated for
high-grade astrocytomas, 20 patients who had been confirmed to have recurrence were
selected for the present study. Post-operative MRI was superimposed on the planning CT
images in order to correlate the anatomical structures with the treatment targets. Recur-
rences were defined according to the Response Assessment Criteria for Glioblastoma. The
mean margins of the PTVipjtia) and PTVye0st Were 1.2 cm and 1.4 cm, respectively. The analy-
sis of the percentage of the recurrence volume (Vol,ec) within the 100% isodose surface was
based on the following criteria: (I) Central: >95% of the Volrec; (II) In-field: 81-95% of the Volyec;
(I11) Marginal: 20-80% of the Vol,e; and (IV) Outside: <20% of the Volyc.

Results: Of the 20 patients, 13 presented with central recurrences, 3 with in-field recurrences,
2 with marginal recurrences and 2 with outside recurrences. Therefore, the lower Vol
within 100% of the prescribed dose was considered in the classification.
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Conclusions: Of the selected patients, 80% had >81-95% of the Vol within 100% of the
prescribed dose and predominantly had central or in-field recurrences. These results are
comparable with those from the literature.

© 2018 Greater Poland Cancer Centre. Published by Elsevier Sp. z o.o. All rights reserved.

1. Background

According to the classification of the World Health Organi-
zation, anaplastic astrocytoma (AA) and glioblastoma (GBM)
correspond to high-grade astrocytomas (grades III and IV,
respectively) and are associated with a mean survival of
approximately 14 months.! Treatment with surgery is indi-
cated in most cases and the surgical resection should be as
complete as possible. Adjuvant fractionated radiotherapy (RT)
is considered a standard treatment for high-grade astrocy-
tomas, which is supported by level 1 evidence. In most cases,
the therapy is divided into 30 fractions that are distributed
over 6 weeks, with a total dose of 60 Gy.'

International Commission on Radiation Units and
Measurements* recommend for the initial RT for high-
grade astrocytoma, two clinical target volumes (CTVs)
delineated by magnetic resonance imaging (MRI). In the first
phase of treatment, an initial CTV (CTVijuiiq)) is defined that
accounts for edema and potential areas of microscopic infil-
tration in a T2-weighted fluid attenuated inversion recovery
(FLAIR) image. In the second phase of treatment, a boost
CTV (CTVypeost) is defined based on the surgical cavity of the
T1-weighted post-operative MRI, after the administration of
an intravenous contrast medium. To account for possible
intrinsic geometrical errors in the system, a margin is added
in all directions, which corresponds to the initial and boost
planning target volumes (PTVs).

The best therapeutic results have been obtained when
the chemotherapeutic agent temozolomide (TMZ) was admin-
istered concomitant/adjuvant to RT.> The exposure of TMZ
reduces the DNA-repair enzyme 0° methylguanine-DNA
methyltransferase (MGMT) stepping forward in the long term
survival rate of patients.® A randomized phase III EORTC pro-
tocol compared the use of concomitant TMZ to RT alone.’
Concomitant TMZ resulted in an increase in the mean survival
from 12.1 to 14.6 months with minimal additional toxic-
ity, and 20% of the patients had a survival rate of up to
36 months. Furthermore, TMZ has been used in recurrent
cases due to its being well tolerated and having good oral
bioavailability.®

Therapeutic success hinges on a balance between the risks
and benefits inherent to treatment. In RT, delineation of the
tumor or tumor cavity, and margins that are added to the
delineation, are required because of the possible toxicity to
healthy tissues adjacent to the lesion. These additional mar-
gins should account for the possibility of subclinical disease
as well as intrinsic errors in the system, in order to reduce
the probability of tumor recurrence.>® The current literature
suggests that reducing the margins added to the CTV does
not significantly change the risk of recurrence and overall
survival.’

2. Aim

In this study, we aimed to retrospectively evaluate the recur-
rence patterns of high-grade astrocytomas in patients who
underwent RT and TMZ when the recurrence was within, near,
or outside the adopted margins, and to examine the possibility
of either reducing or increasing the adopted margins.

3. Materials and methods
3.1. Patients

From February 2008 till September 2013, 55 patients were
treated for high-grade astrocytomas at a RT clinic in
Florianépolis-SC Brazil. 20 patients who had been confirmed
to have recurrence were selected for the present study. All
those patients were more than 18 years of age, underwent
RT and concomitant/adjuvant TMZ and presented a follow-up
of at least 12 months. Patients who had previous treatments
in other centers or who did not present recurrence con-
firmed by MRI were not selected. This study was approved
of the Research Ethics Committee — CEPON - SC (CAAE:
32293814.9.0000.5355).

3.2 Chemo and radiotherapy procedures

The treatment protocol consisted of RT (starting 2-4 weeks
after surgical resection of the tumors) plus continuous daily
chemotherapy with TMZ (75 mg/m? of body-surface area/day,
7 days per week from first to the last day of RT) followed by
adjuvant TMZ for 6 cycles (150-200 mg/m?/5 days during each
28-day cycle). All patients underwent computed tomography
(CT) simulation with a section thickness of 0.625cm, in the
supine position on a scanning table. For delineation, post-
operative MRI images were superimposed on the planning CT
images in order to correlate the anatomical structures with
the treatment target sites.

Delineation of the tumor cavity in each case was performed
manually, section by section, by an experienced radiation
oncologist, and the T1-weighting after the administration of
an intravenous contrast medium was considered. For this vol-
ume, a margin corresponding to the PTVyyest, Or @ PTV of
60 Gy was adopted that received the total prescribed dose. We
used the margins of post-surgical edema was analyzed in a
T2-weighted FLAIR image and the margin accounted for the
edema corresponding to the PTVjyjia, Or @ PTV of 46 Gy. In
some cases, when the pre-operative MRI results were accessi-
ble, a correlation between the tumor resection cavity and the
tumor was performed in order to cover areas with possible
subclinical disease.
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Regarding the adopted treatment modality, the selected
patients underwent three-dimensional conformal RT (3DCRT)
or intensity modulated RT (IMRT). The sequence was either
conventional (one phase of 60 Gy divided into 30 fractions of
2 Gy) or conducted in two stages (the first at 46 Gy of the pre-
scribed dose, divided into 23 fractions of 2 Gy, followed by a
14 Gy boost split into 7 fractions of 2 Gy, totaling 60 Gy).

Orthogonal kV CT images of the patient position were
linked to the planning CT through bone fusion. The mean
of the results from the first 3 days of treatment was calcu-
lated using the deviation indicated by the BrainLab ExacTrac 5.5
system. The isocenter treatment was modified and checked
weekly by the imaging software, considering a tolerance of
2mm.

3.3.  Follow-up and verification of tumor recurrence

The MRI controls were performed approximately every 3
months after treatment during the first year and every 6
months during the following years. An experienced radiolo-
gist evaluated all MRI results. The protocol used for the MRI
displayed small variations by location. Generally, the main T1-
and T2-weighted images were submitted after the administra-
tion of an intravenous contrast medium that was suitable for
MRI. Tumor recurrence was defined according to the Response
Assessment Criteria for Glioblastoma.'® Specifically, it was
indicated by an increased signal in new areas, a 25% increase
in signal in pre-existing areas compared to the initial signal,
and an abnormal signal in existing areas without an increase
in size. In some cases, brain perfusion and spectroscopy were
required to distinguish actual tumor recurrence from tumor
pseudoprogression.

The volume of each recurrence identified by MRI was corre-
lated with 100% of the prescribed dose of the treatment plans
sum through a dose volume histogram (DVH). The percentage
analysis of the recurrence volume within the 100% isodose
surface was based on the following criteria: (I) Central: >95%
of the recurrence volume (Volyec) within the 100% isodose sur-
face; (II) In-field: 81-95% within the 100% isodose surface; (III)
Marginal: 20-80% within the 100% isodose surface; and (IV)
Outside: <20% within the 100% isodose surface.

4, Results and discussion
4.1. Patient characteristics

According to the operations descriptions (provided by the neu-
rosurgeons), a complete tumor resection was achieved in 65%
of the cases. Additionally, 90% of the cases were GBM and 10%
were AA. Both diagnoses were confirmed by biopsy. Since not
all of the patients underwent immediate post-operative MRI
(within 48h of surgery), it was decided not to describe the
degree of resection based on the images. Of the 20 patients
in the study, 18 underwent 3DCRT and 2 underwent IMRT.
Forty percent (8 patients) were treated according to the con-
ventional sequence while the others were treated in only one
phase. The mean margins of the PTVjy;, and the PTVypgest
were 1.2cm (0.8-1.7 cm) and 1.4cm (0.9-1.9 cm), respectively.
The mean age of the patients was 56 years. Sixty percent of

Table 1 - Patient characteristics.

Characteristic Data %
- Male 12 60
ex Female 8 40
Age Average 56 years
Range 36-77 years
a
Tumor histology GBI;A 18 %0
AA 2 10
Complete 12 60
Surgical resection Partial 6 30
No description 2 10
RTC 23 x200cGy+7 x 200cGy 8 40
30 x 200 cGy 12 60
Margin (PTVC nigal) Average 1.2cm
& it Range 0.8-1.7 cm
. Average 1l4cm
M PTVj
argin (PTVboost) Range 0.9-1.9cm

2 GBM: glioblastoma.

b AA: anaplastic astrocytoma.
¢ RT: radiotherapy.

d PTV: planning target volume.

Table 2 - Categorization of the recurrences.

Category Number of patients %
Central 13 65
In-field 3 15
Marginal 2 10
Outside 2 10

the patients were male and forty were female. The patient
characteristics are shown in Table 1.

4.2.  Analysis of recurrence

The analysis of the Vol for all patients was performed as
described above, using the plans sum DVH. Of the 20 patients,
there were 13 with central, 3 with in-field, 2 with marginal, and
2 with outside recurrences (Table 2). A total of 26 recurrences
were observed, which included several patients with multiple
recurrences. Therefore, the categorization accounted for the
lower Volyec within the 100% dose.

Only one recurrence was observed in 85% of the patients.
The remaining 15% of the patients had 2-3 recurrences that
were observed by MRI. A case of a single recurrence with >95%
of the volume within 100% of the prescribed dose is shown in
Fig. 1. A case of a single recurrence with approximately 84%
of the volume within 100% of the prescribed dose is shown in
Fig. 2. A case involving multiple tumor recurrences, one with
>95% of the volume within 100% of the prescribed dose and
the other with approximately 25% is shown in Fig. 3. Multiple
tumor recurrences are shown in Fig. 4, two with >95% of the
volume within 100% of the prescribed dose and one with 81%
of the volume within 100% of the prescribed dose.

We aimed to examine the pattern of recurrence of high-
grade astrocytomas after treatment with RT and TMZ in order
to categorize them into four groups: central, in-field, marginal,
and outside, a system that was originally presented by Lee
et al,’ and has frequently been applied in similar studies.
We opted by using the definition of McDonald et al.,’® who
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Fig. 1 - A case of a single recurrence with >95% of the volume within 100% of the prescribed dose. In the first one, magnetic

resonance imaging of a tumor recurrence. The delineation is shown in green and the planning target volume in pink. In the
second one, dose volume histogram showing >95% of the volume of the recurrence within 100% of the prescribed dose.
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Fig. 2 — A case of a single recurrence with approximately 84% of the volume within 100% of the prescribed dose. In the first
one, magnetic resonance imaging of tumor recurrence with the delineation shown in pink and the planning target volume
in blue. In the second one, dose volume histogram showing approximately 84% of the volume of the recurrence within 100%
of the prescribed dose.
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Fig. 3 — A case of multiple tumor recurrences, with two different recurrence volume percentages within 100% of the
prescribed dose. In the first one, magnetic resonance imaging of the first and second tumor recurrence. The delineation of
first recurrence is shown in purple and the planning target volume (PTV) in blue. The delineation of second recurrence is
shown in pink and the PTV in blue. In the second picture, dose volume histogram showing the recurrence percentages. The
first shows approximately 25% of the volume of the recurrence within 100% of the prescribed dose and the second has >95%.
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Fig. 4 — A case of multiple recurrences with three different percentages of the recurrence volume within 100% of the
prescribed dose. In the first one, magnetic resonance imaging of the first tumor recurrence with the delineation in blue and
the planning target volume (PTV) in red. After, magnetic resonance imaging of the second recurrence with the delineation in
green and the PTV in red. Finally, magnetic resonance imaging of the third recurrence with the delineation in yellow, and
the PTV in red. (b) Dose volume histogram showing the recurrence percentages. The first and the last recurrence had >95%
of the volume within 100% of the prescribed dose, and the second had approximately 82% of the volume within 100% of the

prescribed dose.

analyzed the patterns of recurrence trough the 100% isodose
line, instead of Lee et al.> who preferred the 90% isodose.
Due to the tumor heterogeneity of high-grade astrocytoma,
the therapeutic strategy may combine several approaches,
which includes surgery, RT, chemotherapy and combined
treatment. In these terms, the unique radiosensitizing agent
with call level I evidence of benefit is TMZ.!* Milano et al.,?
proposed that TMZ could affect the location of the recurrence
thereby establishing a pattern of recurrence, due to its abil-
ity to increase tissue radiosensitivity. The study presented
possible relationships between the origin of the recurrence
and the time between manifestations, stating that the risk
of marginal or outside lesions, not likely to be related to the
original tumor, was directly proportional to patient survival.
Moreover, unlike our study, which showed a greater number of
central recurrences, most of the relapses analyzed by Milano
et al. were categorized as in-field. However, in both studies,
approximately 80% of the recurrences were observed within
the irradiated volume, a result also reported by Lee et al.? Still

on the use of TMZ, Stupp et al.,'® in their huge trial with a total
of 573 cases from 85 centers, presented a median progression
free survival of 6.9 months with RT plus TMZ and 5.0 months
with RT alone (p <0.001 by the log-rank test), suggesting a sta-
tistically significant progression free survival benefit with the
addition of TMZ to RT.

There is controversy regarding the margin that should be
added to the CTV. Comprehensive studies, such as the RTOG
0825, have shown that this margin should be at least 2cm.
However, in some cases, due to organs at risk that are close to
the lesion, this recommendation cannot be followed. There-
fore, McDonald et al.’? assumed hypothetical margins of 2
and 2.5 cm and compared these to the actual margins, which
in some cases were <1cm, adopted by the group. The results
showed no increased risk of marginal or outside recurrence
due to a lower PTVyoot margin, consistent with the study
by Chang et al.'* In contrast, Gaspar et al.,'> showed that a
lower PTVpost increased the risk of marginal recurrence. In
this study, average PTVpo0st margins of 1.4cm were adopted
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based on the tumor location. Two cases of marginal recur-
rences were observed in this study. One showed 72% of the
Volyec within the isodose line of 100% while the other showed
only 25%. In the first case, with a partial resection, the average
margin was 1.4 cm and could not be isotropic by reason of the
proximity to organs at risk, such as the optic chiasm. Due to
the location of the original tumor, edema related to the recur-
rence observed in the T2 FLAIR, expanded beyond the average
margin. Therefore, 28% of the volume was outside the irradi-
ation field. In the second case, 75% of the Vol was outside
the PTVyq0st, With an average margin of 1.2 cm. Thus, in both
cases a greater margin of 2-2.5 cm would not have influenced
the categorization of the recurrences.

In terms of the two cases of outside recurrences, the Volyecs
were 100% outside of the irradiated volume. Disseminated
subependymal disease was observed in one of the cases of
recurrences and hippocampal disease was observed in the
other. The existence of neural stem cells in the subventricular
zone should also be noted. Gene expression in gliomas fol-
lows a similar pattern to that observed in neural stem cells.
Therefore, the risk of dissemination appears to be greater
when the disease is located in proximity to or in the margin
of this region.’®1® Therefore, it can be hypothetically stated
that intraventricular resection and non-irradiation of the sub-
ventricular zone may increase the risk of outside recurrence,
as was observed in this study. Gupta et al.,’ presented posi-
tive results for the overall survival of patients who underwent
irradiation of potential neoplastic stem cell niches in the sub-
ventricular zone. This method has recently been adopted at
our center, although no definitive results have been obtained
thus far.

A better definition of the treatment target volume and the
margins that should be adopted is essential in order to prevent
improper irradiation of microscopic disease. Consequently,
alternative methods, such as MRI spectroscopy and positron
emission tomography/computed tomography (PET/CT), can be
useful.’-?2 However, the dissemination pattern of the disease
will depend on numerous factors such as the initial location
of the tumor and the surgical procedure performed, which
directly affects overall patient survival. In a study by Kon-
ishi et al.,”® there was a direct correlation between the type
of resection and the long-term results. Of the 65 cases that
were selected, 23% of the patients underwent resection of
more than 98% of the tumor volume and remained disease-
free for an average of 17 months. In our study, it was not
possible to identify a specific factor that was associated with
the predominant recurrence pattern observed. Nonetheless,
it was determined that margins of <2cm did not affect the
results obtained for the two marginal cases, as the margins
were within the overall average.

5. Conclusions

In this study, 20 patients with high-grade astrocytomas who
were treated with RT and TMZ were analyzed. Of the 20
patients, 13 had central, 3 had in-field, 2 had marginal, and
2 had outside recurrences. A total of 26 recurrences were
observed. The average margin adopted for the PTV}oos Was
1.4cm (0.9-1.9 cm), and had no direct impact on the pattern of

tumor recurrence, as 80% of cases had Volec 81-95% or more
within 100% of the prescribed dose. These results are com-
parable with those from the literature. Therefore, a reduction
or increase in the PTVpyor Would not affect the recurrence
patterns.
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