
CLINICAL STUDY

Benefit of tumor resection for recurrent glioblastoma

Johanna Quick • Florian Gessler • Stephan Dützmann • Elke Hattingen •
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Abstract In the treatment of glioblastoma (GBM) the

impact of radical tumor resection as first line therapy is

beyond controversy. The significance of a second resection

in case of tumor-recurrence remains unclear and is an issue

of debate. Since GBMs always recur, it is important to

determine whether or not patients will benefit from repeat

surgery. We performed a retrospective analysis of our

prospectively collected database and evaluated all re-

resected patients with primary GBM who underwent sec-

ond surgery during a 3 years period. All patients underwent

early postoperative magnetic resonance imaging. We

determined survival after re-resection with regard to pos-

sible prognostic factors using Kaplan–Meier estimates and

Cox regression analyses. Forty patients were included in

this study. Median age was 58 years and median KPS score

was 80. Average tumor volume was 5.5 cm3. A radiolog-

ically confirmed complete resection was achieved in 29

patients (72.5 %). Median follow-up was 18.8 months, and

median survival after re-resection was 13.5 months. Only

complete removal of contrast enhancing tumor was sig-

nificantly correlated with survival after re-resection

according to multivariate analysis. There was a statistical

trend for KPS score influencing survival. In contrast, time

between first diagnosis and tumor-recurrence, tumor vol-

ume at recurrence, MGMT status and MSM score were not

significantly correlated with survival after second surgery.

In the event of tumor recurrence, patients in good clinical

condition with recurrent GBM amenable to complete

resection should thus not be withheld second surgery as a

treatment option.
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Introduction

Glioblastomas (GBMs) are devastating tumors, and despite

aggressive multimodal treatment, recurrence is inevitable.

The management of recurrent glioblastoma (rGBM) is a

matter of ongoing debate [6]. Treatment options encompass

different chemotherapeutic as well as radio-therapeutic

approaches [6, 8]. Repeat surgery is also frequently con-

sidered for rGBM [2, 3, 5, 15, 23].

To date, however, reports regarding the benefit of

resection in rGBM are inconclusive. While some groups

claimed a survival advantage of patients undergoing repeat

surgery compared to patients who did not have a second

surgical procedure [19], this observation has so far not been

confirmed in larger series. In contrast, the perception of a

benefit of repeat resection has been challenged [9]. Thus, it

is one of the challenges for neurosurgeons and neuroon-

cologist to establish selection criteria to identify patients

who might benefit from repeat surgery. In 2010, Park and

colleagues introduced a clinical scale to predict survival

after repeat resection in an attempt to facilitate patient
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guidance [21]. They reported that patient condition, tumor

location and tumor size were predictors of outcome after

repeat resection. They did not, however, address the time

between first diagnosis and treatment until tumor recur-

rence (TTR) or the extent of tumor removal achieved after

repeat resection. In the first line treatment of GBM, radical

tumor resection without deliberate induction of deficits is

associated with a survival benefit, but data concerning the

effect of extensive removal of rGBM are sparse [2, 12, 14,

22–24, 30].

With this analysis, we therefore address whether extent

of resection (EOR) likewise plays a role in rGBM.

Methods

We performed a retrospective analysis of our institutional

database consisting of prospectively collected data with

approval from the local ethics committee (approval no.

4/09, project SNO NCH 05-11). We identified patients who

underwent a second tumor resection for histologically

verified GBM between October 1, 2007 and September 30,

2010. Diagnosis of GBM was established at both, first and

at repeat surgery for all patients, thus ruling out pseudo-

progression due to radionecrosis. All patients had under-

gone resection of their tumor at initial diagnosis, followed

by adjuvant treatment according to Stupp et al [31]. The

decision for or against repeat surgery was based on rec-

ommendations of an institutional interdisciplinary tumor

board consisting of neurosurgeons, neuro-oncologists,

neuropathologists, medical oncologists, and radiation

therapists. Generally, criteria for repeat surgery in our

institution are tumor location allowing macroscopic (near)

total resection and acceptable clinical patient status (ie KPS

C60). Patients with tumors crossing the midline or growing

infiltratively into eloquent cortical or subcortical structures

usually are not regarded as candidates for repeat surgery.

Every patient underwent pre- and early postoperative

MRI (within 72 h) to determine the extent of tumor

removal. An experienced neuroradiologist, blinded to

clinical patient information independently interpreted

imaging data concerning EOR. Tumor volumes were cal-

culated using the volumetry tool of iPlan� Net 3.0

(Brainlab, Feldkirchen, Germany). If there was no evidence

of residual contrast enhancement, we considered the

resection to be complete, else we considered it incomplete.

Patient files were also reviewed for EOR achieved in the

first surgical procedure. In addition, we reviewed preop-

erative MRI data to classify tumor location according to the

MSM score introduced by Park et al. [21]. All patients

received adjuvant therapy and were followed with clinical

and radiological examinations every 3 months.

We assessed overall survival (OAS) as well as survival

following second surgery (SSS) and looked at factors

potentially affecting patient outcome [patient age, clinical

status according to preoperative Karnofsky performance

scale (KPS) score, tumor size, MGMT promotor methyla-

tion status, MSM score, TTR, and EOR].

Statistical analyses were performed using commercially

available software (SPSS Statistics 19, IBM, Chicago IL).

Survival times were analyzed with the Kaplan–Meier

method. For multivariate analyses we used a Cox propor-

tional hazard model. P values lower than 0.05 were con-

sidered statistically significant.

Results

Forty patients met the inclusion criteria. We included 22

female (55 %) and 18 (45 %) male patients. At recurrence,

median age was 58 years (range 30–76), median KPS score

was 80 (range 30–100), and the median tumor volume

according to volumetric analyses was 5.05 cm3 (range

0.16–48.5); for statistical analyses, we stratified between

tumors \ or [ median volume and considered them small

or large, resepectively. Median TTR was 10.2 (range

3.7–32.9 months), so it was considered early if it was less

than 10 months and late if it was 10 months or longer

following first surgery. Following repeat surgery, adjuvant

treatment was performed according to an institutional

interdisciplinary tumor board recommendation and patient

preference: 31 patients received temozolomide chemo-

therapy (77.5 %), 3 patients (7.5 %) had re-irradiation

therapy, and 3 patients (7.5 %) underwent re-irradiation

and additional temozolomide chemotherapy. 2 patients

(5 %) received CCNU chemotherapy, 1 patient (2.5 %)

received ACNU chemotherapy. Median follow-up time

after repeat surgery was 18.8 months. Histologically, a

methylated MGMT promotor was found in 4 patients

(10 %), while it was not methylated in 16 (40 %). In half of

the patients, MGMT promotor methylation testing rendered

inconclusive results.

Survival after second surgery (SSS)

Table 1 summarizes the association of potential prognostic

factors with SSS. Median SSS was 13.0 months (95 % CI

10.1–17.0). EOR appeared to be the strongest predictor of

survival following resection of rGBM with a median SSS

advantage of 6.7 months for patients undergoing a radio-

logically complete tumor resection (median 15.3 months,

95 % CI 13.0–17.6) compared to patients with residual

tumor (median 8.6 months, 95 % CI 4.9–12.3; Fig. 1a).

This difference was statistically significant in both uni- and

multivariate analyses. Removal of at least 95 % of the
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tumor volume showed a survival benefit of 5.5 months

(p \ 0.05, Log rank test), but it did not reach statistical

significance in the multivariate analysis (Table 1). Simi-

larly, age and KPS appeared to be prognostic factors

according to Kaplan–Meier estimates, but for both statis-

tical significance was missed in the multivariate analysis.

There were no statistically significant differences between

patients bearing tumors smaller or greater than 5 cm3

(Table 1). Likewise, we did not observe statistically sig-

nificant differences concerning SSS between patients with

an MSM score of B1 compared to C2. While SSS of

patients with a methylated MGMT promotor was longer

than of those not exhibiting this methylation, this differ-

ence was not statistically significant (Table 1). When

looking at TTR as a prognostic factor, there was no dif-

ference between patients with an early vs. late recurrence

(13.0 vs. 13.5 months; p = 0.54, Log rank test, Fig. 1b).

Overall survival

Median OAS was 21.7 months (95 % CI 16.5–26.1 months).

In univariate analyses, both complete resection and TTR were

significantly associated with longer survival (p \ 0.001 for

both, Log rank test). Patients with complete removal of con-

trast enhancing tumor at recurrence had a median OAS of

26.0 months according to Kaplan–Meier estimates (95 % CI

20.9–31.1 months), which was more than 7 months longer

than that of patients with an incomplete resection (Fig. 2a).

Resection of at least 95 % of the tumor volume showed a

statistical trend to affect survival as did KPS (p \ 0.1 for both,

Log rank test). When assessing the influence of EOR achieved

at first resection on OAS, we found that patients with complete

resection had longer OAS than patients with incomplete

resection (26.2 vs. 16.2 months), however this difference did

not reach statistical significance (p = 0.15, Log rank test).

Interestingly, patients with complete resection at recurrence

who had had an initial incomplete resection did not have

shorter OAS than patients with two complete resections (19.1

vs. 18.7 months, respectively). There were no statistically

significant associations for all other potential factors exam-

ined. Multivariate analysis revealed that complete tumor

removal at second surgery, KPS, and TTR were independently

associated with improved OAS (EOR and TTR, p \ 0.02;

KPS, p \ 0.05; Cox regression, Fig. 2b). Details are provided

in Table 2.

Volumetric assessment of EOR

In 29 patients, a complete resection was achieved (72.5 %)

at repeat surgery, whereas it was incomplete in 11 patients

(27.5 %). Residual tumor constituted less than 5 % of the

initial tumor volume in 3 patients (7.5 %), while it was

more than 5 % in 8 patients (20 %). There was no statis-

tically significant association between tumor volume and

complete resection (p = 0.48, Fisher’s exact test), or tumor

volume and resection of at least 95 % of the tumor

(p = 1.0, Fisher’s exact test; Table 3).

Influence of the first resection on result of second

surgery

At first surgery, a complete tumor resection was achieved

in 23 patients (57.5 %), while it was incomplete in 17

(42.5 %). Of the latter, 10 (58.8 %) had complete resection

at second surgery; there was no association between EOR

achieved at first or second surgery, respectively (p = 0.15,

Fisher’s exact test, Table 4).

Table 1 Prognostic factors and their influence on survival after

second surgery

Prognostic factor

(no. of patients)

SSS

(months)

Univariate

P

Multivariate

P

Extent of resection

Complete (n = 29) 15.3 0.001 0.003

Incomplete (n = 11) 8.6

Resection

C95 % (n = 30) 14.9 0.032 0.36

\95 % (n = 10) 9.4

Age

\58 years (n = 20) 15.3 0.085 0.17

C58 years (n = 20) 9.8

KPS

C80 % (n = 24) 15.3 0.047 0.085

\80 % (n = 16) 8.6

MGMT promoter

Methylated (n = 4) 18.3 0.44 –

Not methylated (n = 16) 14.8

Not conclusive (n = 20) 11.9

MSM-score

\2 (n = 27) 14.8 0.60 –

C2 (n = 13) 11.9

Tumor volume

C5 cm3 (n = 21) 13.0 0.72 –

\5 cm3 (n = 19) 14.6

TTR

Early (n = 19) 13.0 0.54 –

Late (n = 21) 13.5

SSS survival since 2. surgery, KPS Karnofsky performance status,

MGMT methylguanine methyltransferase, MSM motor-speech-media,

TTR time to recurrence

P-values \ 0.05 were considered significant and were printed in bold
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Complications of repeat surgery

5 patients (12.5 %) showed a new or worsening of an

already existing neurological deficit. 2 patients (5 %) suf-

fered from postoperative CSF fistula leading to wound

revision with resolution thereafter. 1 patient (2.4 %) had a

wound infection requiring antibiotic treatment.

Discussion

The role of (extensive) tumor resection for GBM is beyond

controversy [30]. In contrast, the value of a repeat resection

for rGBM has not been determined yet. Without doubt,

maintaining quality of life, prolonging survival and

delaying new symptoms are the main goals when treating

Fig. 1 Survival after second surgery. Kaplan–Meier curves showing

survival after second surgery of patients with recurrent glioblastoma

stratified between those with and without complete tumor removal

(a); there was a statistically significant difference in favor of complete

resection regarding survival (p \ 0.001). There was no statistically

significant difference in survival when stratifying between patients

with an early or late tumor recurrence (b, p = 0.54)

Fig. 2 Overall survival. Kaplan–Meier curves showing overall

survival of patients with recurrent glioblastoma stratified between

those with and without complete tumor removal at second surgery

(a)—patients with complete resection had a statistically significantly

longer survival (p \ 0.005). There also was a statistically significant

difference regarding survival between patients with an early or late

tumor recurrence (b, p \ 0.01)
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patients for tumor recurrence. Re-craniotomy in combina-

tion with adjuvant postoperative therapy might play an

important role concerning quality of life and survival time

[15]. Concerns have been raised, because repeat resection

carries a higher risk of wound infection and neurological

deficits [7, 18]. Therefore, it has been argued that only

patients with severe neurological deficits due to mass

effects of recurring tumor tissue should undergo second

surgery [18]. Thus, it can be difficult to counsel patients

whether or not to undergo repeat surgery in the event of

tumor recurrence [13].

We recently reported that the risk of new diffusion

weighted imaging lesions and new neurological deficits

does not differ significantly between patients undergoing

first or repeat resection of a glioma [10]. We did find,

however, that tumor localization was of major impor-

tance, and surgery in areas such as the insula or opercu-

lum put neurological function at risk. In 2010, Park et al.

[21] introduced a new scale to predict survival of patients

with rGBM based on KPS, tumor volume and tumor

localization (MSM score). Thereby Park et al. predicted

poor, intermediate and good clinical outcomes/after re-

surgery of GBM. In patients with tumors adjacent to

MCA territory and eloquent regions Park et al. found a

poorer outcome than for patients with other tumor local-

izations. In our current series, the complication rate was

lower than previously reported for patients undergoing

repeat surgery [7], although there appeared to be a higher

risk of wound healing disturbances (CSF fistula, infection)

than was reported for patients undergoing first tumor

resection [25]. We suppose that patients with tumor

recurrence in eloquent regions might have a poorer out-

come because total tumor resection might not be possible

due to the eloquent region of the tumor. Consequently,

MSM score did not influence SSS or OAS on a statisti-

cally significant level.

According to our current study, EOR as determined by

complete removal of contrast enhancing tumor according

to early postoperative MRI was the only factor statistically

significantly influencing SSS. In contrast to Stark et al.

[28], who found EOR at repeat surgery to be beneficial

only on univariate analysis, in our patient series EOR

affected SSS resection in both, univariate and multivariate

analyses. It must be kept in mind, however, that all of our

patients received adjuvant treatment following repeat sur-

gery, which is in line with other groups’ recommendations

[9, 15, 32].

Table 2 Prognostic factors and their influence on overall survival

Prognostic factor OAS

(months)

Univariate

P

Multivariate

P

Extent of resection

Complete (n = 29) 26.0 0.002 0.015

Incomplete (n = 11) 18.8

Resection

C95 % (n = 30) 25.0 0.053 0.12

\95 % (n = 10) 18.9

Age

\58 years (n = 20) 25.0 0.14 –

C58 years (n = 20) 20.2

KPS

C80 % (n = 24) 27.8 0.098 0.047

\80 % (n = 16) 18.8

MGMT promoter

Methylated (n = 4) 25.0 0.61 –

Not methylated (n = 16) 20.9

Not conclusive (n = 20) 21.5

MSM-score

\2 (n = 27) 21.6 0.81 –

C2 (n = 13) 19.1

Tumor volume

C5 cm3 (n = 21) 24.7 0.86 –

\5 cm3 (n = 19) 20.8

TTR

Early (n = 19) 19.1 0.008 0.019

Late (n = 21) 31.9

First surgery

Complete resection (n = 23) 26.2 0.15 –

Incomplete resection

(n = 17)

16.2

OAS overall survival, KPS Karnofsky performance status, MGMT

methylguanine methyltransferase, MSM motor-speech-media, TTR

time to recurrence

P-values\0.05 were considered significant and were printed in bold

Table 3 Association between tumor volume and volumetric extent of

resection at second surgery

Volumetric

extent of

resection (%)

No. of

patients

Median pre-

operative tumor

volume (cm3)

Median

SSS

(months)

Median

OAS

(months)

100 29 4.63 15.3 26.0

C95 33 5.05 14.9 25.0

\95 7 9.09 9.4 18.9

SSS survival since 2. surgery, OAS overall survival

Table 4 Association between patients undergoing complete tumor

resection at first and second surgery

Extent of resection

(no. of patients)

Complete at

second surgery

Incomplete at

second surgery

Complete at first surgery 19 4

Incomplete at first surgery 10 7
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Several groups [3, 4, 12, 14, 16, 17, 23, 28] have pre-

viously assessed the influence of resection of rGBM,

however most groups have not assessed the EOR by means

of early postoperative MRI (Table 5). In contrast to our

results, Filippini et al. [11] reported that re-resection did

not prolong survival in case of tumor recurrence. However

in their study, only 88 % of their patients underwent sur-

gery as first line therapy, and 12 % had only biopsy. In

their paper it does not become clear how many of the

patients who had undergone surgery in the first place had

second surgery later. In our series, all patients underwent

tumor resection at initial diagnosis and recurrence. Some

patients in the series of Filippini et al. only had CT scans to

determine EOR, and approximately 40 % of patients did

not have any form of postoperative imaging at all. It is well

known that CT or surgeon’s impressions are inferior to

MRI in terms of determining EOR [1].

In our current study, all patients had pre- and postop-

erative MRI (following both, first and second surgery),

thereby providing a valid means of assessment of EOR. We

demonstrate that a second neurosurgical intervention

clearly impacts further patient survival, if a radiologically

complete resection of enhancing tumor tissue is achieved,

irrespective of TTR: we found that TTR (\ or

C10 months) was not a significant prognosticator for fur-

ther survival in our series. A radiologically complete tumor

resection prolonged SSS by more than 6 months compared

to patients with an incomplete resection. As a conclusion,

both patient groups (with early and late recurrence) may

benefit from second tumor resection alike. In our opinion

this is an important aspect when counselling patients.

Analysis of OAS, however, showed that patients with an

early tumor recurrence had a shorter survival than those

with a late recurrence; in part, this may be explained by the

fact that treatment for tumor recurrence can only influence

SSS and cannot make up for the time until tumor regrowth.

It is also possible that differences in tumor biology can be

held accountable; unfortunately, we were able to gather

reliable data on MGMT status only in a subset of patients;

therefore, the differences observed in SSS and OAS

between patients with and without methylated MGMT

promoter did not reach statistical significance. Conceivably

MGMT status could be an important prognosticator, if

outcomes are studied in a larger cohort. However, this does

not diminish the impact of neurosurgical intervention on

further survival at recurrence.

Some groups have even reported positive effects of

multiple resections for tumor recurrences [5, 15]. Ko et al.

[16] found better outcomes for patients receiving chemo-

therapy wafers and iodine-125 seeds if a gross-total

resection was achieved at tumor recurrence. Just recently

Chaichana et al. [5] reported statistically significantly

longer survival for patients who underwent not only one,

but up to three tumor resections. Additional tumor resec-

tions beyond third surgery were not found to be efficacious

in terms of providing additional lifetime. In their study,

OAS was 6.8 months in patients who had only one tumor

resection, compared to 15.5 or 22.4 months in patients who

also had a second or third resection, respectively. There

may be, however, a potential selection bias in offering

additional surgery to some patients while not offering it to

others.

The strength of our study is, in contrast to those pub-

lished earlier, that patient selection was very homogenous,

i.e. we included only patients in whom a near complete

resection was deemed possible, whereas those in whom

only a partial removal was attempted were not included.

The decision to perform repeat resection was based upon

an interdisciplinary board recommendation and patient

preference; repeat surgery was usually offered to patients

Table 5 Literature overview on the effect of surgery for recurrent glioblastoma

Author Year Number of

patients

Median age

(years)

Median KPS Postoperative

imaging

Extent of resection

as a significant factor

Other significant factors

Barker et al. [3] 1998 46 nr nr nr yes Age

Pinsker et al. [23] 2001 38 nr nr nr yes Age, KPS

TTR \26 weeks

Helseth et al. [13] 2010 65 nr nr nr nr Age

Stark et al. [28] 2012 102 62 70 CT/MRI yes Age, KPS

Bloch et al. [4] 2012 107 nr 90/80 MRI yes Age, KPS

Gorlia et al. [12] 2012 37 53.5 nr nr nr nr

Kuhnt et al. [17] 2012 27 59.3 nr MRI yes Age, intraoperative MRI

Ko et al. [16] 2012 24 53.5 nr nr yes Combination of gliadel wafers

and iodine-125 seeds

This series 2014 40 58 80 MRI yes KPS

Most studies did not determine the extent of resection with early postoperative MRI

nr not reported, CT computed tomography, MRI magnetic resonance imaging, KPS Karnofsky performance status, TTR time to recurrence)
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who were in rather good clinical condition (KPS was \60

in only 5 patients) and if we thought the tumor could be

resected for the largest part. Thus, large remnants [25 %

occurred in only 4 patients. Certainly our group of patients

represents a highly selected cohort, and this selection

accounts for the fact that complete resections were

achieved in[70 % of repeat surgeries, but only \60 % of

first surgeries.

Also, absolute survival times of the patients in this

cohort must be interpreted with caution: arguably, we

cannot be certain that solely performing repeat tumor

resection truly affects OAS, since we did not compare

patients who had undergone second surgery to those who

did not. Nonetheless, assessment of EOR clearly showed

that complete removal of contrast enhancing recurrent

tumor was advantageous over incomplete removal with

regards to both, SSS and OAS. In contrast, removal of only

95 % of the tumor volume, or less (data not shown), did not

influence patient survival. Thus, ‘‘aggressive’’ surgical

treatment of rGBM ([95 % resection) is warranted in all

patients, if a complete resection seems feasible.

Comparable to other contemporary series on GBM

resection without surgical adjuncts, we unfortunately did

not achieve a 100 % complete resection rate [29]. In order

to achieve radiologically complete resections, we believe

the use of adjunct surgical technology, e.g. intraoperative

imaging or fluorescence guidance [20, 27] is a valuable

option. Recently, we and other groups have stressed the

influence of surgical technology on optimizing EOR in

GBM [17, 20, 26]. Complete tumor resection at first sur-

gery has been shown to affect OAS in patients with GBM

[22, 24, 30]. Here, EOR at recurrence also influenced OAS,

even if the first surgery resulted in an incomplete resec-

tion—we could achieve a complete resection of rGBM in

almost 60 % of patients with an incomplete resection at

first surgery. In this respect, our study corroborates the

findings of Bloch et al. [4] who concluded that complete

resection in the event of tumor recurrence may even

overcome any potential shortcomings of the initial treat-

ment. Therefore, it appears reasonable to use adjunct

techniques to improve EOR for rGBM as well.

Due to the retrospective nature of our analysis, it is a

limitation of our study that we were not able to incorporate

quality of life-data. Future studies concerning the value of

repeat resection should include this aspect of patient

outcome.

Conclusion

The true value of repeat resection may not be clear, but

patients without residual tumor after resection of rGBM

fare better than those with residual tumor, regardless of the

time between initial diagnosis and second surgery or EOR

achieved at first surgery. Therefore, patients in good clin-

ical condition should be offered a second tumor resection

prior to adjuvant therapy if a radiologically complete

resection is feasible.

The authors report no conflict of interests concerning

materials, methods or findings in this study.
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