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Abstract

Background
Bevacizumab (BEV) is a key anti-angiogenic agent in the treatment for recurrent glioblastoma multiforme
(GBM). The aim of this study was to investigate whether cytoreductive surgery prior to treatment with
BEV contributes to prolongation of survival for patients with recurrent GBM.

Methods
We retrospectively analyzed the treatment outcomes of 124 patients with recurrent GBM who were
initially treated with the Stupp protocol in our institution between 2006 and 2019. Given that BEV has only
been available in Japan since 2013, we grouped the patients into 2 groups according to the time of �rst
recurrence: the pre-BEV group (N = 51) included patients who had a recurrence before BEV approval, and
the BEV group (N = 73) included patients with recurrence after BEV approval. The overall survival after
�rst recurrence (OS-R) according to treatment strategy was analyzed. In addition, multivariate analysis
using Cox’s proportional hazards model was used to evaluate the impact of clinical factors on OS-R after
cytoreductive surgery in the patients with recurrent GBM.

Results
Among 124 patients, 27 patients (19.4%) received cytoreductive surgery: 9 cases in the pre-BEV group
and 18 cases in the BEV group. Although the mean extent of resection of both groups was almost equal
(92.2% pre-BEV group and 93.3% BEV group), OS-R was signi�cantly different: median OS-R was 8.1 m in
the pre-BEV group and 16.3 m in the BEV group, respectively (P = 0.007). Multivariate analysis revealed
that the unavailability of BEV postoperatively (P = 0.03) and decreasing performance status caused by
surgery (P = 0.01) were signi�cant poor prognostic factors for survival after cytoreductive surgery in the
patients with recurrent GBM.

Conclusions
With the advent of BEV, cytoreductive surgery might provide superior survival bene�t at the time of GBM
recurrence, especially in cases where surgery can be performed without deteriorating the patient’s
condition.

Introduction
Although several promising drugs have come to the forefront recently, glioblastoma (GBM) is still a
dismal disease because the majority of cases eventually experience tumor recurrence. Since there is no
standard therapeutic regimen, treatment options for patients with recurrent GBM are usually
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individualized and diverse. A previous randomized clinical trial found that the median overall survival
(OS) after recurrence was only 6.2 months [1].

The Food and Drug Association in the United States approved Bevacizumab (BEV), a humanized
monoclonal antibody that inhibits vascular endothelial growth factor (VEDF), in 2009 for recurrent GBM.
BEV was approved in 2013 for malignant glioma, including newly diagnosed glioblastoma, in Japan. BEV
is frequently given to patients with recurrent GBM despite its limited e�cacy for prolongation of OS in
these patients [2–5]. Although patients sometimes experience rapid regression of recurrent lesions after
short courses of BEV, median OS after recurrence was still 9.2 months with BEV monotherapy [5].

One of the treatment options for recurrent GBM is repeated surgery, however, the e�cacy of surgery
remains controversial. Several retrospective analyses showed that surgical resection had a survival
bene�t [6–8], whereas other retrospective analyses demonstrated that resection of recurrent lesions was
not signi�cantly associated with increased post-progression survival [9, 10]. In particular, the role of the
cytoreduction of recurrent glioma prior to treatment with BEV remains unclear.

In our institution, we always consider repeated surgery when a patient with GBM suffers from recurrent
disease during or after maintenance temozolomide (TMZ) treatment. Therefore, since BEV has been
approved in Japan, we have used BEV to treat every patient with recurrent GBM who has undergone the
maximum possible tumor resection. In this study, we hypothesized that for selected cases of recurrent
GBM, cytoreductive surgery before treatment with BEV may comprise a more effective salvage treatment
and improve OS. The aim of this investigation was to evaluate whether cytoreductive surgery for recurrent
lesion prolongs survival in the BEV era.

Materials And Methods
Patient Selection

Local Institutional Review Boards in Hokkaido University Hospital approved this retrospective study. We
retrospectively reviewed the medical records of adult patients with GBM treated in our institution by
conventional radiotherapy concomitant with TMZ according to the Stupp protocol [11] between 2006 and
2019, with June 2013 representing when BEV was �rst used to treat GBM in Japan. We identi�ed 212
adult patients with GBM during this period.

Basic Treatment Strategy for GBM in Our Institution

Patients diagnosed with GBM during primary surgery underwent 60Gy/30Fr localized radiotherapy
concomitant with TMZ according to the Stupp protocol. From June 2013, patients whose tumors
continuously progressed during radiotherapy received add-on BEV as intensive consolidation therapy.
Otherwise, patients underwent adjuvant TMZ chemotherapy (150–200 mg/m2, 5 days, every 4 weeks) up
to 12–24 courses. Patients also underwent contrast-enhanced MRI every 3 months during and after
adjuvant TMZ chemotherapy.
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Tumor recurrence was revealed by MRI �ndings or clinical deterioration. In cases where it was di�cult to
distinguish tumor recurrence from radiation necrosis, 11C-methioinine (MET) Positron emission
tomography was performed [12].

Once recurrent tumor was observed, we considered resection of recurrent lesions as often as possible.
BCNU wafers (Gliadel®), available in Japan since January 2013, were occasionally implanted after tumor
resection at the discretion of the surgeons. After cytoreductive surgery for recurrent tumor, patients
resumed or continued adjuvant TMZ until second recurrence. Since June 2013, patients who underwent
gross total resection of recurrent tumor received TMZ continuously at second recurrence, then; BEV was
added to intensify consolidation therapy. Patients who did not undergo gross total resection of recurrent
tumors received BEV with or without TMZ. The patients with unresected recurrent lesions would receive
BEV in combination with second-line chemotherapy or best supportive care (BSC) depending on their
clinical condition.

Inclusion Criteria

In this study, we focused on the overall prognosis after �rst recurrence in patients with primary GBMs
treated by the Stupp regimen. Therefore, we excluded patients with GBM from this analysis as follows; 1)
patients that did not have radiotherapy (N = 24); 2) patients that did not receive TMZ (N = 14); 3) patients
that received add-on BEV chemotherapy during or just after radiotherapy because of continuous
progression (N = 17). Eventually, we analyzed 157 patients with primary GBM in this study.

Assessment

According to treatment at the �rst recurrence, we classi�ed patients into 3 groups: 1) the cytoreductive
surgery group, who received maximum safe resection of recurrent tumor with or without chemotherapy, 2)
the second-line chemotherapy group, who received chemotherapy without cytoreductive surgery for
recurrent tumor, and 3) the BSC group, who did not receive any anti-tumor treatment after recurrence. The
prognosis was assessed by overall survival after �rst recurrence (OS-R). Duration of OS-R was de�ned as
the interval between the date of the MRI study on which the �rst recurrence was detected and the date of
death or last follow-up.

Tumor volumes and extent of resection were calculated by the planimetry method using 5-mm slice axial
T1WI with contrast enhancement, as described previously [13]. The extent of resection was de�ned as the
percentage of resected tumor volume in the preoperative tumor volume. In the cytoreductive surgery
group, each patient’s performance status was assessed by the Karnofsky Performance status (KPS)
before and 1 month after operation.

Statistical Analysis

All statistical analyses were carried out using R statistical software version 3.4.2. The distribution of
categorized data was compared by Pearson’s chi-squared test. The means of continuous variables were
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compared using Welch’s t-test, and the medians of continuous variables were compared using the
Wilcoxon rank-sum test. The Kaplan-Meier method was used to estimate survival curves, and the log-rank
test was used for the comparison. To analyze clinical factors for the risk of survival after cytoreductive
surgery, Cox proportional hazards regression models were applied. A hazard ratio and 95% con�dence
intervals (CIs) were calculated using multivariate Cox models. In multivariate analysis, clinical factors
with P-value < 0.20 in univariate analysis were selected. Graphic designs were created by PRISM ver. 8.0.
All statistical signi�cance was de�ned as P-value < 0.05.

Results
Patient Demographics

This study included 157 primary patients with GBM (90 males and 67 females). Median age of onset was
64 years (range, 25–85 years). As concerns the extent of resection at primary surgery, 18 (11.5%) patients
underwent only biopsy, 27 (17.2%) patients underwent partial tumor resection with less than 90%
resection, 43 (27.4%) patients underwent subtotal resection (90–98% resection), and 69 (43.9%) patients
underwent gross total resection (more than 98% resection) before treatment by the Stupp protocol. Of
these 157 patients, 124 (79.0%) experienced tumor recurrence and 98 patients (62.4%) died at the time of
this analysis. Median OS was 20.4 months and 2-year OS was 39.3% (Supplement Fig 1). 

Therapeutic Approach for Primary Recurrent GBM

Among the 124 patients with recurrent disease, 51 recurred before March 2013 (the pre-BEV group). They
were unable to receive BEV in combination with second-line chemotherapy after recurrence; however, 3
out of 51 cases eventually received BEV after its approval in Japan. The remaining 73 patients had tumor
recurrence after May 2013, when BEV was available for clinical use (the BEV group). Table 1 shows
patient demographics at time of recurrence. The median duration between primary surgery and
recurrence was 8.2 months in the pre-BEV group and 9.6 months in the BEV group. Although the duration
of the BEV group was longer than that of the pre-BEV group, this difference was not statistically
signi�cant (P = 0.22). The therapeutic approach for �rst recurrence of tumor was cytoreductive surgery,
second-line chemotherapy, and BSC, for 9 (17.6%), 7 (13.7%), and 35 patients (68.6%) in the pre-BEV
group, respectively, and for 18 (24.7%), 34 (46.6%), and 21 patients (28.8%) in the BEV era, respectively.
Second-line chemotherapy included add-on Interferon-β (N = 3), repeat course of TMZ (N = 2), BEV after
available (N = 2), in the pre-BEV group, while all 34 patients received BEV in combination with second-line
chemotherapy in the BEV group. The inclusion chart of this study is described in Fig 1.

Median OS-R was 6.9 months in the pre-BEV group and 8.1 months in the BEV group. OS-R in the BEV
group was signi�cantly longer than in the pre-BEV group regardless of the therapeutic approach (P =
0.032) (Supplement Fig 2). 

Impact of Cytoreductive Surgery for Primary Recurrent GBM on OS-R Before and After BEV Approval
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As described above, cytoreductive surgery for primary recurrent GBM was performed in 27 patients, 9
patients from the pre-BEV group and 18 from the BEV group. Table 2 shows the characteristics of the 2
groups. There were no signi�cant differences between the 2 groups in age of recurrence, duration
between onset and recurrence, and recurrent tumor volumes. In addition, almost all patients achieved
subtotal resection or gross total resection of recurrent tumors, and the mean extent of cytoreductive
surgery was 92.9% in the pre-BEV group and 93.3% in the BEV group. Postoperatively, 8 patients (53%)
were given BEV after recurrent surgery in the BEV group, because residual lesions were observed in
postoperative MRI.

Eventually, only 1 patient was given BEV at second recurrence in the pre-BEV era group after BEV
approval. In the BEV group, 15 out of 18 cases were treated with BEV; 7 patients were given BEV at the
second recurrence. Two patients without BEV application did not have second recurrence at the time of
this analysis. One patient could not receive BEV because of decreasing clinical status caused by surgery.
Median OS-R in the pre-BEV group was 8.1 months, while that in the BEV group was 16.3 months (Fig 2).
OS-R of the BEV group was signi�cantly longer than that of the pre-BEV group (P = 0.007).

In addition, we investigated whether other clinical factors in�uenced survival after cytoreductive surgery.
Table 3 shows the univariate and multivariate analyses of candidate clinical factors. In addition to
postoperative BEV availability (P = 0.03), the most signi�cant poor prognostic factor affecting OS-R was
decreased KPS score after cytoreductive surgery (P = 0.01)

Impact of Cytoreductive Surgery in BEV Group

As a second set of analyses, we evaluated whether cytoreductive surgery before treatment with BEV
contributes to prolongation of patient prognosis in the BEV era. There were 73 patients with recurrent
GBM in the BEV group, as described above. The median OS-R of patients who received cytoreductive
surgery (N = 18), BEV combined with second-line chemotherapy (N = 34), and BSC (N = 21) was 16.3
months, 7.4 months, and 4.6 months, respectively (Fig 3). Cytoreductive surgery of recurrent GBM before
BEV application shows remarkable prolongation of OS after �rst recurrence in the BEV group.

Discussions
Once patients with GBM experience recurrence, there is no established standard treatment approach.
Therapeutic options for recurrent GBM have to be carefully weighed taking into consideration tumor
location, performance status, and prognostic factors [14]. Although repeated cytoreductive surgery is one
of the effective therapeutic options for improving survival in patients with recurrent GBM [6, 15], it is
provided for only 10%–30% of patients with recurrent GBM [16–20]. According to Harvey-Jumper et al,
predictors of improved survival after re-operation for high-grade glioma are younger age (< 50 years),
preoperative better performance status (KPS score ≥ 70), longer interval between operations, smaller
tumor volume, and greater extent of resection [21]. However, these factors were not signi�cant predictors
of OS post-surgery in our study; rather, decreased KPS after cytoreductive surgery was one of the
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strongest clinical factors affecting OS after recurrence. If done carefully, repeated cytoreductive surgery
for recurrent GBM does not negatively affect the patient’s clinical condition.

To date, the majority of previous studies show that median interval between repeated surgery and death
was less than 12 months in patients with recurrent GBM who were initially treated with the Stupp protocol
[17, 22]. Brandes et al reported that the median survival from second surgery for recurrent GBM treated by
the Stupp protocol was 11.4 months, and survival time was in�uenced by the extent of resection and 06-
Methylguanine-DNA Methyltransferase (MGMT) methylation status [22]. In our study, cytoreductive
surgery for recurrent GBM treated by the Stupp protocol was only 8.1 months before BEV approval though
almost all patients achieved gross total resection. This prognosis corresponds with prognoses in previous
studies, suggesting that cytoreductive surgery makes only a limited contribution to the prolongation of
prognosis and appropriate palliative chemotherapy after cytoreductive surgery should be available.

On the other hand, our study found that after BEV approval, the prognosis of patients who received
cytoreductive surgery signi�cantly improved. As in our study, several retrospective studies reported
survival prolongation achieved by the combination of cytoreductive surgery and palliative chemotherapy
in the patients with recurrent GBM [23, 24]. De Bonis P et al showed that patients treated with surgery and
adjuvant chemotherapy had a median OS after recurrence of 14 months, compared with patients treated
with chemotherapy alone who had OS after recurrence of only 8 months [24]. Azoulay et al showed that
the median survival from time of progression was 10 months in patients with repeat surgery followed by
salvage chemotherapy, compared to 6.56 months in patients with salvage chemotherapy alone [23]. Both
studies demonstrated the survival bene�t of combination cytoreductive surgery with salvage
chemotherapy. However, salvage chemotherapies in these studies were not uniform including TMZ,
lomustine, procarbazine, irinotecan, etc, as well as BEV. In our study, the median OS-R of patients who
received cytoreductive surgery followed by BEV treatment was 16.3 months. Compared with a previous
similar investigation of repeated craniotomy for recurrent GBM, survival in our series appears to be better.
We consider cytoreductive surgery followed by BEV application to be one of the best available therapeutic
options at present.

To the best of our knowledge, there are few studies that focus on the impact that cytoreductive surgery
has on the prognosis for recurrent glioma prior to BEV. Clark et al compared the survival of patients with
recurrent GBM who received repeated craniotomy during BEV treatment with patients who received
repeated craniotomy without BEV treatment in a UCSF study [25]. Since patients that received BEV
preoperatively had a worse postoperative OS and a higher perioperative morbidity rate than patients not
receiving preoperative BEV, they concluded that the indication of repeat surgery in patients in whom BEV
treatment failed must be carefully weighed against the intended bene�t and risk of surgery. Considering
their conclusions together with our study, BEV should be considered as an actual last-line chemotherapy
for patients with recurrent GBM [26, 27].

Conclusion
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As compared to survival contribution of surgery in the pre-BEV era, cytoreductive surgery prior to BEV for
recurrent GBM might contribute to survival prolongation. If effective resection without neurologic
deterioration is feasible, patients with recurrent GBM should be considered for maximum cytoreduction
before treatment with BEV.
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BEV: Bevacizumab; BSC: Best supportive care; GBM: Glioblastoma multiforme; MRI: Magnetic resonance
imaging; OS: Overall survival; OS-R: Overall survival after �rst recurrence; TMZ: Temozolomide
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Tables
Table 1 Patient Characteristics in 124 recurrent GBMs according to timing of recurrence

 
 Recurrence before BEV approval (pre-

BEV era group)
Recurrence after BEV approval
(BEV era group)

P-
value

Patient No. 51 73  

Age (median) 62 y 66 y 0.01

Duration from primary surgery to
recurrence (median)

8.2 months 9.6 months 0.22a

Treatment after first recurrence    

Cytoreductive surgery 9 cases (17.6%) 18 cases (24.7%)  

2nd line chemotherapy 7 cases (13.7%) 34 cases (46.6%)  

Best supportive care 35 cases (68.6%) 21 cases (28.8%)  

Median OS-R 6.9 months 8.1 months 0.032a

a P values were calculated by Log-rank test

BEV: Bevacizumab, GBM: Glioblastoma multiforme, OS-R: overall survival after recurrence

 

 

Table 2 Characteristics in 27 patients with recurrent GBM who underwent cytoreductive surgery
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 Pre-BEV era group BEV era group P-value

Patient No 9 18  

Age (median) 67 y 61 y 0.33

Duration from primary surgery to recurrence (median) 16.9 months 22.0 months 0.11a

Recurrent tumor volume (mean) 8.93 ml 16.3 ml 0.25

Extent of resection (mean) 92.9 % 93.3 % 0.96

BCNU wafer implantation 1 case (11%) 12 cases (67%)  

Postoperative Bevacizumab  - 8 cases (53%)  

 a P values were calculated by Log-rank test

BEV: Bevacizumab, GBM: Glioblastoma multiforme,

 

 

Table 3 Univariate and multivariate analysis of clinical factors for survival after cytoreductive surgery by the proportional hazard

model
    Univariate analysis Multivariate analysis
  Hazard

ratio
95% CI P values Hazard ratio 95% CI P values

Age at recurrence (continuous
variable)

1.001 0.97–1.03 0.96 - - -

Interval between surgeries (continuous
variable)

0.993 0.97–1.01 0.47 - - -

Preoperative KPS <80% 1   1   

 80–100% 0.43 0.14–1.35 0.15 1.20 0.31–4.54 0.78

KPS change after surgery decrease 1   1   

 stable 0.24 0.09–0.66 0.005 0.22 0.07–0.71 0.01*

Extent of Resection (%) (continuous
variable)

0.98 0.95–1.02 0.37 - - -

BCNU wafer implantation no 1   1   

 yes 0.48 0.19–1.17 0.11 1.12 0.37–3.46 0.84

BEV available after
surgery

yes 1   1   

 no 3.19 1.27–7.98 0.013 3.34 1.11–10.1 0.03*
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Figures

Figure 1

Inclusion chart and treatment �ow of this study according to Bevacizumab availability
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Figure 2

Overall survival after recurrence (OS-R) in patients who underwent cytoreductive surgery at recurrence
were shown according to the timing of recurrence before BEV approval (pre-BEV) or after BEV approval
(BEV). Median OS-R of the BEV group (16.3 months) was signi�cantly better than that of the pre-BEV
group (8.1 months) (P=0.007).
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Figure 3

Overall survival after recurrence (OS-R) in the BEV group according to treatment strategy at recurrence.
The median OS-R of cytoreductive surgery, second-line chemotherapy without cytoreductive surgery, and
best supportive care was 16.3 months, 7.4 months, and 4.6 months, respectively.

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

SupplementFigv2.pptx

https://assets.researchsquare.com/files/rs-36402/v1/SupplementFigv2.pptx

