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Purpose: It is hypothesized that multifocal glioblastoma (mGBM) is associated with worse 

prognosis compared to unifocal disease (uGBM). This study aims to investigate the differences in 

survival rates and progression patterns of patients between these two groups after radiation therapy.

Patients and methods: We retrospectively analyzed 265 patients with primary GBM under-

going radiation therapy at the Department of Radiation Oncology, University Hospital Heidel-

berg, Germany, between 2004 and 2013. Of these, 202 (76%) were uGBMs and 63 (24%) were 

mGBMs. First, progression-free survival (PFS) and overall survival (OS) between groups were 

compared using the Kaplan–Meier method. Second, univariate and multivariate Cox proportional 

hazards regression was applied to discern prognostic and predictive factors with PFS and OS 

in the cohorts. Third, recurrence patterns of uGBMs and mGBMs were assessed on follow-up 

MRIs and compared using the chi-squared test.

Results: As compared to patients with uGBM, patients with mGBM experienced significantly 

worse median OS (11.5 vs 14.8 months, P=0.032). Overall, 195 (73.0%) patients experienced 

tumor progression: 153 (75.7%) patients with uGBM and 46 (73.0%) patients with mGBM. 

There were no significant differences in PFS between the respective groups (6.5 vs 6.6 months, 

P=0.750). Of note, concomitant temozolomide treatment was associated with an OS benefit 

in both uGBM and mGBM by about five months (P=0.006 and P<0.001). Furthermore, there 

were no significant differences in progression patterns of uGBM and mGBM. Both recurred 

as unifocal and multifocal disease (P=0.51), and local vs distant brain recurrences occurred 

similarly in both groups (OR=1.33, P=0.53).

Conclusion: Multifocality is an independent predictor of survival in GBM. Concomitant temo-

zolomide treatment improved OS of patients with mGBM and uGBM. Both disease types showed 

similar patterns of progression. Current target volume concepts seem to be adequate in both unifocal 

and multifocal GBMs. GBM, the most common primary brain tumor in adults, is associated with 

poor survival. We show herein that multifocality is an independent prognostic factor for survival. 

We also illustrate that the progression patterns of both unifocal and multifocal GBM are similar.

Keywords: temozolomide, chemotherapy, progression, multifocal, glioblastoma, gliomatosis, 

high grade glioma, target volume

Introduction
Glioblastoma (GBM) is the most common primary malignant tumor of the central 

nervous system in adults, with survival rates less than 15 months after trimodality ther-

apy.1 However, individual heterogeneity in the survival rates is undoubtedly observed 

in light of several prognostic factors that have been established in the recent years. 

These include age, Karnofsky performance status (KPS), tumor locality, and others. 
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Additionally, molecular factors such as O6-methylguanine-

DNA-methyltransferase (MGMT) promoter methylation or 

isocitrate dehydrogenase (IDH) mutation are increasingly 

playing an important role concerning therapy response and 

individual survival.2–7

Multifocal disease at presentation has several definitions 

and varies from study to study, but demonstrates decreased 

overall survival (OS) as compared to unifocal disease.8,9 

However, although progression patterns of recurrent GBM 

have been described,4 those of the multifocal GBM (mGBM) 

subset have been understudied.10,11

In this study, we compare unifocal GBM (uGBM) and 

mGBM regarding progression free survival (PFS) and OS 

while also evaluating other factors associated with outcome. 

Furthermore, we systematically review progression patterns 

in each disease type; in other words, whether they progress 

in similar unifocal or multifocal patterns and the anatomical 

location of the recurrent lesion in comparison to the original 

lesion were evaluated.

Implications of our data include differentiating between 

GBMs regarding variations in growth and recurrence patterns 

with the potential necessity of altering radiation therapy (RT) 

target volumes. Furthermore, any differences in recurrence 

and progression patterns may require revisions in target 

volume contouring in the re-irradiation setting.

Patients and methods
We retrospectively analyzed 265 patients with primary GBM 

undergoing RT at our institution (Department of Radiation 

Oncology, University Hospital Heidelberg, Heidelberg, 

Germany) between 2004 and 2013. Patient characteristics 

are listed in Table 1.

Though there is no consensus in the definition of mul-

tifocal disease, and various definitions are utilized, for the 

purposes of this study, mGBM was characterized as at least 

two non-connected foci of disease at least 1 cm apart from 

each other on magnetic resonance imaging (MRI).12 Edema 

and/or T2/FLAIR signal abnormality was allowed to connect 

the gross tumor as per other studies.8

All patients underwent RT for the primary disease. 

In brief, patients were immobilized using custom head 

masks and simulated with computed tomography and MRI 

scanning. Target definition and treatment planning were 

carried out via several methods, techniques, and doses 

depending on the particular case and time period (Figure 1). 

Follow-up was at a regular interval of 3 months including 

repeat MRI.

Progression-free survival (PFS, months) and OS (months) 

were calculated from the date of the initiation of RT to the 

date of radiologic progression and to the day of death or last 

follow-up, respectively. Survival curves for PFS and OS 

were made using the Kaplan–Meier method and the mGBM/

Table 1 Patient characteristics

Characteristics uGBM mGBM P-value

No. of patients 202 (76%) 63 (24%)
Age (years)

Median 69 72.5
Range 8–92 26–85

Extent of resection (%) 0.016
Total 63 (31) 9 (14)
subtotal 77 (38) 24 (38)
Biopsy 61 (30) 30 (48)

Treatment (%)
Radiation 202 (100) 63 (100)
TMZ 129 (64) 40 (64) 0.841
Combined RT/TMZ 145 (72) 32 (51) 0.853

Abbreviations: mgBM, multifocal glioblastoma; RT, radiotherapy; TMZ, 
temozolomide; ugBM, unifocal glioblastoma.

Figure 1 exemplary radiation treatment plan for a patient with multifocal gBM, 3D 
conformal radiotherapy to a dose of 60.0 gy in 30 fractions.
Note: gTV is shown in green, CTV in blue, and PTV in red.
Abbreviations: CTV, clinical tumor volume; gBM, glioblastoma; gTV, gross tumor 
volume; gy, gray; PTV, planning tumor volume.
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uGBM groups compared with the log-rank test. Univariate 

and multivariate Cox proportional hazards models were used 

to evaluate the influence of cofactors on survival.

For progression analysis, we evaluated pre-therapeutic 

and post-therapeutic contrast enhanced MRI according to 

the Response Assessment in Neuro-Oncology criteria.13 

Progression was defined as the appearance of a new lesion, 

a significant increase in non-enhancing T2/FLAIR lesions, 

or as a ≥25% increase in T1 enhancing lesions.13 If pseudo-

progression was clinically suspected, repeat imaging was 

obtained at a subsequent interval to confirm; if corroborated, 

the initial MRI was utilized as the date of progression.

Progression patterns were studied by reviewing the 

appearance of the pertinent area in comparison to the site of 

the initial lesion on MRI. We studied whether the progres-

sion occurred locally, in the same hemisphere, in corpus 

callosum, or in the contralateral hemisphere. An appearance 

inside the initial planning target volume (PTV) or ≤1 cm 

was regarded as a local progression, whereas an appearance 

≥1 cm of PTV was considered as a distant progression. We 

also investigated if the progression arose as unifocal or 

multifocal disease (defined as above), regardless of its initial 

disease occurrence.

Statistical analyses were performed using SigmaPlot™ 

(Systat Software GmbH, Erkrath, Germany) software. A 

P-value<0.05 was considered statistically significant. Com-

parisons between the mGBM and uGBM groups were made 

using the Wilcoxon rank-sum test for means, and Fisher’s 

exact or chi-squared tests for proportions.

This study was approved by the university review board 

and ethics committee and in accordance to the declaration of 

Helsinki of 1975 in its most recent version. Ethics approval 

for the study was obtained from the local ethics committee, 

University Hospital Heidelberg (Nr. S-056/2015). Patients 

provided written informed consent for their data to be used 

in the study.

Results
Patient characteristics
In our analysis, 202 (76%) out of 265 patients had a unifocal 

disease, whereas 63 (24%) of them had a multifocal disease 

(Table 1) and were followed for a median follow-up time 

of 13.29 months (range 1.6–55.9 months). The patients in 

uGBM group had a median age of 69 years (range 8–92 

years), whereas the multifocal group consisted of patients 

with a median age of 72.5 years (range 26–85 years).

Twenty-seven percent of the patients underwent a total 

resection and 38% of patients underwent a subtotal resection, 

whereas 35% only had a biopsy done. All of the patients 

were treated with radiotherapy to a median dose of 60.0 Gy 

(range 39.5–68.0 Gy) in 2.0 Gy (range 1.8–3.0 Gy) fractions. 

The dose on the lower range was due to earlier termination 

of RT. Sixty-three percent of the patients were treated with 

temozolomide (TMZ) overall, and 66% received concomitant 

TMZ therapy (Table 1).

A total of 199 (75.1%) patients experienced tumor pro-

gression on follow-up MRI scans, which corresponded to 

153 (75.7%) patients with uGBM and 46 (73.0%) patients 

with mGBM.

survival analysis
There was no significant difference in PFS between the 

unifocal (median 6.6 months, range 0.5–53.2 months) and 

the multifocal groups (median 6.5 months, range 1.1–24.2 

months) (P=0.75, Figure 2).

However, patients with mGBM experienced significantly 

worse median OS of 11.5 months (range 1.6–25 months) as 

compared to patients with uGBM (median 14.8 months, range 

1–55.9 months, P=0.032) (Figure 3). Similarly, the two-year 

survival was 1.8% in mGBM and significantly lower than in 

uGBM patients (18.5%) (P=0.004).

Univariate analysis showed that patients >60 years 

experienced significantly worse PFS (P=0.02), whereas 

those treated with concomitant TMZ (P<0.001) and with 

Figure 2 Kaplan–Meier curve showing no significant difference in PFS of uGBM vs 
mgBM (6.5 vs 6.6 months, P=0.750).
Abbreviations: mgBM, multifocal glioblastoma; PFs, progression-free survival; 
ugBM, unifocal glioblastoma.
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a KPS >60% (P=0.05) experienced a significantly higher 

PFS (Table 2). The univariate analysis for OS did not show a 

significant effect of all of the abovementioned factors except 

for multifocal disease (P<0.001) (Table 2).

Multivariate analysis, taking the most common con-

founders (age, KPS, resection status, TMZ therapy, MGMT 

promoter methylation status, multifocal disease) into 

account, showed that concomitant TMZ therapy and KPS 

>60% years remained prognostic factors for significantly 

better PFS (P=0.002 and P=0.032, respectively), while age 

>60 years was a negative prognostic factor (P=0.015) (Table 

3). Regarding multivariate analysis for OS, only multifocal 

disease showed a significantly worse prognostic impact 

(P<0.001, Table 3).

Further evaluation showed that concomitant TMZ therapy 

was associated with significantly better OS in both mGBM 

(8.3 vs 14.2 months, P=0.006) and uGBM (11.7 vs 17.0 

months, P<0.001). Thus, the OS benefit with TMZ was about 

5 months in both groups.

Univariate and multivariate analyses for OS revealed a 

positive prognostic effect for concomitant TMZ treatment in 

both mGBM (P=0.008) and uGBM (P<0.001).

Progression analysis
Lastly, when evaluating disease recurrence patterns of uGBM 

and mGBM, both appeared to recur either unifocally or 

 multifocally. Of the uGBM group, 67.1% of recurrences 

were unifocal and 32.9% were multifocal. These numbers 

in the mGBM group were 60.5% and 32.9%, respectively. 

There were no differences between both cohorts in terms of 

this parameter (P=0.51).

Additionally, we also analyzed the localization of the new 

lesions compared to the original site. The recurrence pattern 

of new lesions was also similar in both groups; “local” and 

“distant” recurrences occurred in 67% and 33% of the uGBM 

cohort and 60% and 40% of the mGBM cohort (P=0.53), 

respectively.

Discussion
MGBMs make up a substantial percentage of all GBMs. The 

goal of this work was to evaluate the nature of recurrences 

in this cohort, as juxtaposed with uGBMs. In addition to 

corroborating inferior OS in the mGBM cohort, we found 

no differences in PFS. Multifocality was an independent 

correlate of OS as well. Of note, TMZ treatment was associ-

ated with an OS benefit in both uGBM and mGBM. Lastly, 

there were no dissimilarities between mGBMs and uGBMs 

in terms of unifocal vs multifocal recurrence, along with the 

location of the recurrence.

Our data are in agreement with existing findings in that 

uGBMs and mGBMs tend to most frequently recur in-field,14 

although that publication found a PFS but not an OS dif-

Figure 3 Kaplan–Meier curve showing significantly worse OS of patients with mGBM as compared to uGBM (11.5 vs 14.8 months, P=0.032).
Abbreviations: mgBM, multifocal glioblastoma; Os, overall survival; ugBM unifocal glioblastoma.
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ference, contrary to our findings. Moreover, we could also 

confirm the two most established therapy – independent 

prognostic factors age and KPS score – in the univariate 

and multivariate analyses.5,15 To some extent, our data con-

tradict those of Thomas et al,16 who found no independent 

correlation between multifocality and outcomes. However, 

as multifocality was associated with lower KPS in that study, 

it is possible that an independent effect was unable to be 

ascertained therein.

TMZ therapy has become a standard convention and is 

the most commonly used chemotherapeutic agent in patients 

with newly diagnosed GBM.1 Concomitant TMZ treat-

ment improved OS of patients with mGBM and uGBM by 

approximately 5 months. We propose that radiotherapy with 

concomitant TMZ treatment should also be considered as the 

first-line treatment of patients with mGBM. Data regarding 

TMZ maintenance therapy were not available for our cohort 

as this treatment is usually not prescribed by our radiation 

oncology department.

The worse prognosis of mGBM may be explained by 

recent pathogenesis-related discoveries. Sahm et al17 described 

IDH1-mutant GBM cells and cell protrusions in the contra-

lateral brain hemisphere. Osswald et al18 demonstrated that 

GBM cells have long protrusions with which the cells invade, 

interconnect, and communicate with each other using inter-

cellular calcium waves. The result is a dynamic functional 

Table 2 Univariate analysis showing influences of cofactors on PFS and OS

Survival Covariate Hazard ratio 95% CI P-value

PFS Concomitant TMZ therapy 0.61 0.46–0.82 <0.001
surgery (any) 0.81 0.61–1.08 0.16
Total resection 0.80 0.58–1.08 0.15
Age >60 years 1.49 1.07–2.07 0.02
MgMT promoter methylation 0.71 0.47–1.07 0.10
KPS >60% 0.71 0.51–0.99 0.05
Multifocal disease 0.94 0.68–1.30 0.70

OS Concomitant TMZ therapy 0.94 0.71–1.26 0.69
surgery (any) 0.84 0.63–1.11 0.22
Total resection 1.15 0.85–1.55 0.38
age >60 years 1.18 0.86–1.62 0.31
MgMT promoter methylation 0.79 0.49–1.26 0.31
KPs >60% 0.93 0.67–1.28 0.66
Multifocal disease 1.92 1.40–2.64 <0.001

Notes: Patients with a KPs >60% and those treated with concomitant TMZ therapy experience significantly improved PFS, whereas age >60 years results in a significantly 
decreased PFS. On the other hand, only mGBM disease has a significantly negative impact on OS. Statistically significant P-values shown in bold.
Abbreviations: KPs, Karnofsky performance status; mgBM multifocal glioblastoma; MgMT, O6-methylguanine-Dna-methyltransferase; Os, overall survival; PFs, 
progression-free survival; TMZ, temozolomide.

Table 3 Multivariate analysis showing effects of cofactors on PFs and Os

Survival Covariate Hazard ratio 95% CI P-value

PFS Age >60 years 1.51 1.08–2.10 0.02
KPS >60% 0.69 0.49–0.97 0.03
Concomitant TMZ therapy 0.62 0.47–0.84 0.002
surgery (any) 0.84 0.63–1.13 0.25
Multifocal disease 0.91 0.65–1.27 0.56

OS age >60 years 1.19 0.87–1.64 0.28

KPs >60% 1.04 0.75–1.45 0.81
Concomitant TMZ therapy 0.89 0.67–1.19 0.44
surgery (any) 1.28 0.95–1.73 0.10
Multifocal disease 2.00 1.45–2.75 <0.001

Notes: Patients with a KPs >60% and those treated with concomitant TMZ therapy experience significantly improved PFS, whereas age >60 years results in a decreased PFs. 
On the other hand, only mGBM disease has a significantly negative impact on OS.  Statistically significant P-values shown in bold.
Abbreviations: KPs, Karnofsky performance status; mgBM, multifocal glioblastoma; Os, overall survival; PFs, progression-free survival; TMZ, temozolomide.
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intercellular network, which is resistant to standard treatment 

including RT. The cells are able to distribute high levels of 

calcium through their protrusions to other cells in the network. 

This bypassing of high intracellular calcium concentrations 

is typically induced by radiotherapy and leads to apoptosis.19

Although the lesions in mGBM might appear as indi-

vidual lesion with no macroscopic-radiological connection, 

our results and the abovementioned studies support the idea 

that the lesion are interconnected microscopically and are a 

part of all-brain systemic syncytium.

These findings are underlined by the results of our pro-

gression analysis. To our knowledge, this study is the only 

one to date comparing the recurrence patterns of uGBM with 

mGBM. If multifocal disease were more likely to recur in a 

multifocal pattern, re-irradiation may involve larger targets 

margins. Our data, however, show that there are no substan-

tial correlations between proclivity to recur multifocally and 

the type of the original tumor. Hence, re-irradiation margins 

appear to be adequate regardless of focality of initial disease.

For our study, we characterized multifocal disease as at 

least two non-connected, contrast enhancing foci at least 1 cm 

apart from each other on T1 MRI. The lesions were typically 

connected by T2/FLAIR signal abnormality. Several other 

studies have used different, inconsistent definitions and also 

the term multicentric GBM. In contrast to mGBM, this GBM 

subtype demonstrates multiple foci without interconnecting 

T2/FLAIR signal abnormality. These tumors were thought 

to be separate tumors, occurring synchronously.9–11 However, 

with improved MRI imaging, the frequency of the diagnosis of 

multicentric GBM has been shrinking as connections between 

lesions could be seen.8 With the abovementioned histological 

findings, multicentric GBMs appear rather to be mGBMs.

Lastly, a major focus of risk stratification of GBMs is 

occurring with the advent of molecular and genetic signatures 

of cerebral neoplasms. These results for mGBMs vs uGBMs 

have shown rather conflicting data. Two studies have found no 

differences in terms of gene expression signatures9,14 but a third 

has postulated distinct epigenetic modifications in mGBMs.20,21 

Further translational studies are clearly indicated to address 

this issue, including analysis of microRNA expression.

The strength of this study is a comparably large and 

homogenous patient collective with a long follow-up time. 

Furthermore, as TMZ has become a standard chemotherapy 

now, our patient collective received uniform treatment. All 

MRIs were re-analyzed by a senior radiologist to minimize 

intraobserver variability and provide consistency. Neverthe-

less, our findings have several limitations aside from the 

retrospective nature. First, molecular characteristics were 

incompletely assessed in the cohorts. Second, because the 

definition of mGBM and parameters related to progression 

vary between studies, generalization and direct comparison 

with other data are problematic.

Conclusion
Multifocality is an independent predictor for survival in GBM. 

Both uGBM and mGBM benefit from TMZ therapy, and pro-

gression patterns of both types do not differ from each other.
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