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Purpose

This study was designed to investigate the incidence of interim disease progression (IPD)
and volumetric changes of the surgical cavity (SC) during the surgery-to-radiotherapy interval
(SRI), and eventually assess the value of magnetic resonance imaging (MRI) at the time of
radiotherapy (RT) planning in newly diagnosed anaplastic gliomas.

Materials and Methods

Among 195 anaplastic glioma patients who underwent RT, 121 were evaluable with two
separate MRIs during SRI. The presence of IPD was determined using the updated
Response Assessment in Neuro-Oncology size criteria. In 84 patients who underwent sur-
gical resection, each SC was contoured by a radiation oncologist and the volumetric changes
of the SCs were calculated between the two separate MRIs. Daily rate of change in the SC
volume was calculated assuming an exponential and linear change.

Results

Five of 121 patients (4.13%) demonstrated IPD during SRI, and the incidence was signifi-
cantly higher in patients undergoing biopsy (vs. surgical resection, 12.9% vs. 1.1%, p=0.015)
and in patients with remnant contrast-enhancing tumor after surgery (15.8 vs. 2.0%,
p=0.027). The mean daily rate of absolute change in SC was 1.06% (95% confidence inter-
val [Cl], 0.89 to 1.23) and 0.89% (95% Cl, 0.77 to 1.02) according to the exponential and
linear model, respectively. The expected mean volumetric change at 2 weeks were 16.64%
(95% Cl, 13.77 t0 19.52) and 12.51% (95% Cl, 10.77 to 14.26), respectively.

Conclusion

IPD during the SRl is rare in surgically resected anaplastic gliomas. However, pre-RT MRl is
essential for accurate RT-target delineation and disease evaluation for patients initiating
RT beyond postoperative 2 weeks and undergoing biopsy, respectively.
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Introduction

Anaplastic gliomas (AG) are rare malignant brain tumors
consisting of only 10%-15% of all newly diagnosed gliomas
[1]. This nomenclature normally refers to anaplastic astrocy-
toma (AA), anaplastic oligodendroglioma (AQO), or anaplastic
oligoastrocytoma (AOA). These tumors are all categorized
as grade III by the 2016 World Health Organization classifi-
cation [2]. However, the standard treatment of these tumors
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following surgical resection or biopsy varies according to the
histologic classification as well as the molecular variation
[3,4]. Furthermore, the median survival after standard treat-
ment vary ranging 3-15 years depending on molecular and
histological subtypes [5-7].

Nevertheless, unlike grade II gliomas, radiotherapy (RT)
is universally recommended in AGs regardless of type of sur-
gery or combination with chemotherapy [3,4]. Target delin-
eation is a critical step in RT planning which begins with the
delineation of gross target volumes encompassing the surgi-
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cal cavity (SC) and remnant tumor. Since brain tissues are
well-visualized on magnetic resonance imaging (MRI) com-
pared to computed tomography (CT) imaging, clinicians [8]
and prospective trials [5-7] have required MRIs to be fused
to the simulation CT for target delineation and RT planning.
In some studies, only preoperative MRI were mandatory,
and although guidelines recommend postoperative MRIs to
be used for RT-target delineation [3,4], the optimal timing of
postoperative MRI used for RT planning is unknown. Con-
cerns of interim disease progression (IPD) as well as changes
in anatomical geometries during the surgery-to-radiotherapy
interval (SRI) exist.

Recently, Wee et al. [9] have reported a significant inci-
dence of 19.3% of IPD using two separate MRIs taken during
the SRI in glioblastoma patients, and have recommended the
routine use of additional pre-RT MRIs for disease evaluation
and accurate RT-target delineation. The rapid growth of
glioblastoma in a short-term interval has been confirmed by
other investigators as well [10-14]. However, no study has
investigated on the growth dynamics of AGs, particularly,
the incidence of IPD during SRI. Therefore, it is unknown
whether the routine use of additional pre-RT MRI in AGs can
be justified.

In the current study, we investigated the incidence of IPD
in AGs and the volumetric changes of SCs in surgically resec-
ted patients to evaluate the necessity of pre-RT MRIs for
accurate RT-target delineation.

Materials and Methods

1. Patients and treatment

Patients who were histologically diagnosed as AA, AO, or
AOA during 2007-2016 were included in this study. Patients
who received pre-RT chemotherapy were excluded. Among
195 AG patients, 121 patients who underwent an additional
MRI for RT planning at the time of simulation CT were fur-
ther selected for the study. Baseline postoperative MRI was
done in all patients within 48 hours from surgery except for
those undergoing biopsy only. All MRIs consisted of the fol-
lowing sequences at least: T1 weighted images with and
without gadolinium-contrast enhancement; T2 weighted
images with or without fluid-attenuated inversion recovery
sequences. The clinical characteristics of patients and treat-
ments are summarized in Table 1. The median prescribed RT
dose was 61.2 Gy in 34 fractions. Fifty-three patients (53/121,
43.8%) received chemotherapy concurrently and / or post-RT.

Table 1. Patient and treatment characteristics

Variable No. (%)
Total 121 (100)
Age, median (range, yr) 43 (18-71.5)
Sex

Male 65 (53.7)

Female 56 (46.3)
ECOG PS

0-2 118 (97.5)

B 3(2.5)
Histology

AA 81 (66.9)

AO 26 (21.5)

AOA 14 (11.6)
Contrast enhancement?

Yes 56 (46.3)

No 65 (53.7)
Surgery®

GTR 64 (52.9)

PR 26 (21.5)

Biopsy 31(25.6)
Chemotherapy?

None 68 (56.2)

Concurrenttadjuvant TMZ 33 (27.3)

Adjuvant TMZ 5(4.1)

Adjuvant PCV 15 (12.4)

ECOG PS, Eastern Cooperative Oncology Group perform-
ance status; AA, anaplastic astrocytoma; AO, anaplastic
oligodendroglioma; AOA, anaplastic oligoastrocytoma;
GTR, gross total resection; PR, partial resection; TMZ,
temozolomide; PCV, procarbazine /lomustine/ vincristine.
20n preoperative diagnostic magnetic resonance imaging,
YOn postoperative magnetic resonance imaging (within
48 hours), “Sequence of chemotherapy regarding radio-
therapy.

2. Interim disease progression

The development of IPD during SRI was evaluated using
the two separate MRIs including the MRI taken at the time
of RT planning CT and the following: (1) in patients under-
going surgical resection: postoperative MRI within 48 hours
of surgery; (2) in patients undergoing biopsy: navigation
MRI at the time of surgery. The size criteria from the ‘up-
dated Response Assessment in Neuro-Oncology (RANO) cri-
teria for high-grade gliomas’ were used to evaluate disease
progression as previously described [9,15]. For non-enhanc-
ing tumors, increase over 25% of the sum of the perpendicu-
lar diameters from the lesion with T2 high signal intensity
was designated as IPD. Risk factors of IPD were evaluated.
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Fig. 1. A 23-year-old female with anaplastic oligodendroglioma in the right fronto-temporal lobe who underwent gross total
resection of the tumor. Volumes of the contoured surgical cavities on postoperative (A) and pre-radiotherapy (B) magnetic

resonance imaging are displayed.

3. Volumetric changes of surgical cavities

Of the 90 patients who underwent surgical resection, two
MRIs each from 84 patients were able to be imported to the
Eclipse RT planning system (ver. 13.7, Varian Medical Sys-
tems, Palo Alto, CA). No patient underwent any drainage
procedure between the two MRIs. SCs on all MRIs were con-
toured by a single radiation oncologist (C.W.W.), and the vol-
ume (cc) was automatically measured via the system (Fig. 1).

We used two models to calculate the absolute daily change
rate (ADCR). First, assuming an exponential change in the
volume of SCs, the ADCR between the SCs on postoperative
(post-op SC) and pre-RT (pre-RT SC) MRIs for each patient
was calculated using the following equation:

pre-RT SC volume (cc)
ADCR=|le{ ™ post-op SC volume (cc)/ $-1|-100 (% /day).
MRI interval (days)

Second, we used a linear model to obtain the ACDR as the
following: ADCR={(pre-RT SC volume [cc])-(post-op SC vol-
ume [cc])}x100/(post-op SC volume [cc])/(MRI interval
[days]) (% /day). The ADCR was obtained for each patient
and the estimated change rates at postoperative 1, 2, 3, and 4
weeks were inversely calculated using the ADCR for each
patient according to the exponential and linear models.

4. Statistical analysis
The Statistical Package for Social Sciences, ver. 22.0 (IBM
Corp., Armonk, NY) was utilized for all statistical analyses.

Fisher exact test was used to evaluate factors that might
affect IPD. It was considered statistically significant when
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p <0.05.
5. Ethical statement

The current study was performed under the approval from
the Institutional Review Board of the Seoul National Univer-
sity Hospital (IRB No. H-1901-118-1005). The IRB has waived
the need to obtain informed consent for this study. All
research was performed in accordance with relevant guide-
lines/regulations.

Results

1. Interim disease progression

Among 121 patients, the median interval between the two
MRIs was 23 days (interquartile range, 19 to 29 days). Only
five patients (4.1%) demonstrated IPD according to the afore-
mentioned criteria. Three factors, which were biopsy (vs. sur-
gical resection), presence of contrast-enhancing tumor on
preoperative MRI, presence of remnant contrast-enhancing
tumor on postoperative MRI, and the length of interval
between MRIs were evaluated for their risk of IPD. Patients
undergoing biopsy only and patients with remnant contrast-
enhancing lesion postoperatively had a significantly higher
rate of IPD (Table 2). Of note, the mean interval of MRIs used
for evaluation of IPD was significantly shorter in patients
undergoing biopsy (20.7+8.4 days) compared to those receiv-
ing surgical resection (28.2+18.4 days) (p=0.032 by independ-
ent t test). However, the mean interval between MRIs did not
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Table 2. Risk factors for interim disease progression during the surgery-to-radiotherapy interval

Variable
Surgery
Resection 90
Biopsy 31
Preoperative T1CE lesion
Yes 56
No 65
Postoperative remnant T1CE lesion
Yes 102
No 19

Interval between MRIs (continuous, day)

1(1.1) 89 (98.9) 0.015
4(12.9) 27 (87.1)
(7.1) 52 (92.9) 0.181
1(15) 64 (98.5)
2(2.0) 100 (98.0) 0.027
3(15.8) 16 (84.2)
0.876

Values are presented as number (%). IPD, interim disease progression; T1CE, contrast-enhancement of T1-weighted image.

“Fisher exact test (2-tailed), ¥Logistic regression analysis.
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Fig. 2. Expected mean changes in the volume of postop-
erative surgical cavities in anaplastic glioma patients
according to the exponential (blue line) and linear (red
line) model (n=84). Error bar, 95% confidence interval.

differ between patients with IPD (27.4+5.4 days) and without
IPD (26.2+17.0 days) (p=0.877).

2. Volumetric changes of surgical cavities

The median interval between two MRIs evaluable for
analysis was 24 days (interquartile range, 19 to 30 days) for
84 patients undergoing surgical resection. Seventy-three
(86.9%) and 10 patients (11.9%) demonstrated decreased and
increased size of SCs, respectively. The SCs decreased and
increased by a mean daily rate of 1.14% and 0.61% in those
patients, respectively. One patient showed no change in the
volume of SC. By the exponential model, the calculated mean
ADCR of the SC was 1.06% (95% confidence interval [CI],
0.89 to 1.23) for all patients. The expected mean absolute vol-

umetric change of the SC was 7.83% (95% CI, 6.54 to 9.13),
16.64% (95% CI, 13.77 to 19.52), 26.58% (95% ClI, 21.77 to
31.39), and 37.84% (95% CI, 30.67 to 45.01) at postoperative
1,2, 3, and 4 weeks, respectively (Fig. 2). Assuming a linear
change in the volume of SCs, the mean ADCR was 0.89%
(95% CI, 0.77 to 1.02). The expected mean change of SCs at
postoperative 1, 2, 3, and 4 weeks were 6.26% (95% CI, 5.38
to 7.13), 12.51% (95% CI, 10.77 to 14.26), 18.77% (95% CI, 16.15
to 21.39), and 25.03% (95% CI, 21.53 to 28.52), respectively
(Fig. 2).

Discussion

AGs are a group of heterogeneous tumors which vary in
histological /molecular characteristics, standard treatment,
and prognosis [3-7]. However, RT is considered as standard
therapy regardless of pathological diagnosis and type of sur-
gery to date [3,4]. In order to perform RT precisely, accurate
delineation of the RT-target is essential. Therefore, evaluation
of the disease extent and the surrounding anatomical geom-
etry at the time of RT planning is crucial. However, there has
been no report evaluating the natural tumor growth as well
as geometrical changes of the SC during the SRT in AGs.

The natural growth of glioblastoma evaluated by MRIs
during the SRI has been studied by several investigators
[9-12]. Pirzkall et al. [11] reported that increase in volume or
new onset of contrast-enhancement occurred in 53% of
glioblastoma patients during the SRI. Recently, Villanueva-
Meyer et al. [12] have also reported that nearly half of glio-
blastoma patients show new or increased contrast-enhance-
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ment during the SRI. Furthermore, Wee et al. [9] adopted the
size criterion from the RANO group [15], and evaluated the
incidence of IPD during the SRI in the largest number of pati-
ents to date (n=166). They have reported that about 20% of
patients demonstrate IPD and it leads to worsened survival
in patients treated with chemoradiation [9].

In contrast to glioblastoma, IPD was rare in AG patients
according to our results with an incidence below 5%. There-
fore, routine re-evaluation with brain MRI at the time of RT
planning might not be beneficial for most of the AG patients.
However, among these patients, patients who underwent
biopsy or had residual contrast-enhancing lesions postoper-
atively were at an increased risk for IPD. These patients
should be re-evaluated by MRI in the context of disease sta-
tus before RT. In the current study, the risk of IPD was not
evaluated based on histology (AA vs. AO vs. AOA) since
except one patient, all patients (n=30) who underwent biopsy
alone had AA histology. Furthermore, the very one patient
who was diagnosed as AOA and underwent biopsy did not
show codeletion of 1p/19q nor IDH mutation, in whom the
diagnosis would have been AA according to the current
World Health Organization classification [2]. Of note, no
patient with AO histology demonstrated IPD during the SRI.

MRI is the recommended modality for evaluation of the
brain tissues due to its superior resolution compared to CT
scanning [16]. Fusion of diagnostic MRIs to RT planning CTs
is a widely used method for accurate target delineation in
various cancers, and it is most emphasized for brain tumors
[5-7]. However, the optimal temporal sequence between
brain MRIs and brain RT planning CTs for fusion is unknown,
but it can be theoretically assumed that when taken on the
same day, the two image sets would be identical regarding
anatomical geometry. Therefore, we evaluated the volumet-
ric change of the SC, which is referred to as the gross tumor
volume for AGs in most studies [5-7]. The estimated mean
volumetric change of SCs was > 10% after 2 weeks for 95%
of the patients in both models in this study. This means if a
radiation oncologist delineates the gross tumor volume
based on the MRI taken 2 weeks before RT planning CT,
there will be a mean discrepancy of approximately 15% com-

pared to the gross tumor volume contoured on the MRI
taken on the same day of RT planning CT. If the SC shrinks
during the SRI, which would be the case in most patients,
normal brain tissues can be over-irradiated unnecessarily.
Conversely, if the SC expands due to any reason, the target
brain tissues that need to be irradiated may receive subopti-
mal RT doses. Although this degree of change has not been
validated whether it would affect RT planning significantly,
the authors concluded that an additional brain MRI for
accurate target delineation is necessary at the time of RT
planning if the SRI exceeds 2 weeks, and it should be recom-
mended in future clinical trials as well.

Obvious limitation of our study is the limited number of
patients and the retrospective nature. The RANO criteria
used in this study for evaluation of IPD is not a tool devel-
oped for assessment during the SRI [15]. Furthermore, the
two models used for prediction of SC-change are not estab-
lished models proven for its validity. The size of SC is
expected to reach a plateau at some timepoint, which cannot
be addressed by our study. Even in most of the patients who
demonstrate increased size of SCs in the subsequent MRI, the
SC are expected to decrease to some degree eventually. Nev-
ertheless, it was obvious in our study that volumetric changes
in SCs during the SRI is notable during a short postoperative
period, supporting the necessity for an additional planning
MRI for RT.

We report the very first study evaluating IPD and volu-
metric change of SCs in AGs to the authors’ knowledge.
Unlike glioblastoma, IPD during SRI is rare in AG. However,
additional MRIs at RT planning CT should be recommended
for patients undergoing biopsy or demonstrating residual
contrast-enhancement postoperatively in the context of dis-
ease evaluation. Similarly, in AG patients undergoing surgi-
cal resection, additional evaluation with MRI should be
recommended since obvious change in the size of SC occur
during the SRL
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