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Abstract
The effect of the extent of resection (EOR) on prognosis in glioblastoma may differ depending on various conditions. We
evaluated the prognostic impact of the EOR for glioblastoma according to the tumor site, extension, and size. Data from
glioblastoma patients who underwent gross total resection (GTR), subtotal resection (STR), or open biopsy between 2005 and
2014 were retrieved from the Surveillance, Epidemiology, and End Results database. Univariate and multivariate analyses for
overall survival (OS) were performed. Between 2005–2009 and 2010–2014, the proportion of GTR and STR performed
increased from 41.4 to 42.3% and 33.0 to 37.1%, respectively. EOR only affected OS in the 3 years after diagnosis. Median
survival in the GTR (n = 4155), STR (n = 3498), and open biopsy (n = 2258) groups was 17, 13, and 13 months, respectively
(p < .001). STR showed no significant difference in OS from open biopsy (p = .33). GTR increased OS for midline-crossing
tumors. Although STR was more frequently performed than GTR for tumors ≥ 6 cm in size, GTR significantly increased the OS
rate relative to STR for tumors 6–8 cm in size (p = .001). For tumors ≥ 8 cm, STR was comparable to GTR (p = .61) and superior
to open biopsy (p = .05). GTR needs to be performed more frequently for glioblastomameasuring ≥ 6 cm or that have crossed the
midline to increase OS. STR was marginally superior to open biopsy when the tumor was ≥ 8 cm.
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Introduction

Glioblastoma is themost common primarymalignant tumorwith
a median survival of approximately 14 months [1]. The current
standard of care is a maximal safe resection followed by a com-
bination of radiotherapy and temozolomide [1–3]. Although ra-
diotherapy is performed as a local treatment, surgical resection is
an important step because the prognosis for radiotherapy alone is
inferior to that of surgery and radiotherapy [4, 5].

Even though many studies have shown that the extent of
resection (EOR) is a significant prognostic factor, gross total
resection (GTR) is not always possible due to extensive tumor
infiltration, and tumor involvement in eloquent or critical
areas [6–10]. Therefore, a significant number of glioblastoma
patients have to undergo subtotal resection (STR) or open
biopsy [11, 12]. However, the precise grounds for performing
STR remain obscure [13].

Until now, quantitative analyses of the rate and survival
impact of the EOR have rarely been conducted in
population-based studies. One study using the Surveillance,
Epidemiology, and End Results (SEER) database demonstrat-
ed that elderly patients may have a survival benefit from GTR
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although the proportion of GTRs performed decreases in old
age [14]. Other such studies may encourage the performance
of GTRs for tumors in specific situations for which GTR has a
significant survival benefit. These analyses would also be
helpful in estimating a more accurate survival rate in each
situation according to the surgery type.

To increase the rationality of decision making regarding the
surgical treatment of glioblastoma, we analyzed the character-
istics of patients who underwent surgical treatment (GTR,
STR, or open biopsy) and their survival rates in variable sub-
groups using the modern SEER database from 2005 to 2014.

Materials and methods

Study population

This study is a population-based retrospective cohort study
using the SEER 18 registry. SEER database is an authoritative
source of information on cancer incidence and survival in the
USA supported by National Cancer Institute (NIH).
According to NIH, all 50 states in the USA have laws requir-
ing newly diagnosed cancers to be reported to a central regis-
try. Currently, SEER covers approximately 34.6% of the US
population. Cancer patient data generated by physicians or
surgeons are collected from hospitals, laboratories, clinics,
and death certificates. Highly qualified cancer registrars of
SEER program collect and consolidate data on cancers diag-
nosed and treated within hospitals.

Data of patients with pathologically confirmed newly diag-
nosed glioblastoma (ICDO-3, 9440/3, glioblastoma, NOS)
during the period when temozolomide was used (from 2005
to 2014) were retrieved. Among them, patients who were aged
≥ 20 years old at the time of diagnosis; who did not have any
other primary tumor; underwent GTR (surgery code of 30 and
55), STR (surgery code of 21 and 40), or open biopsy (surgery
code of 20); underwent postoperative external-beam radio-
therapy and chemotherapy; and had information available
concerning tumor size were included in this study. Patients
who did not have information regarding follow-up time were
excluded from the study. Since the SEER data consists of
anonymized data, this study was exempt from review by an
institutional review board. For this type of study, formal con-
sent was not required.

Classification of open biopsy and STR in the surgery data
field of the SEER data was registered by the SEER registrars
based on information available at each hospital, and no infor-
mation was available on the proportion of tumor remaining
after open biopsy or STR in the SEER database. Since the
distinction between open biopsy and STR was not based on
quantitative evaluation criteria, the surgical classification may
be ambiguous in some cases. GTR was defined as a resection

that does not have any enhancing lesions remaining on the
postoperative magnetic resonance imaging (MRI) [14].

According to correspondence with the SEER Data Quality
Team, the cancer registrar recorded the tumor size and site,
and classified the extension using the information available
for each case, and the SEER data do not record the source of
the information, such as T1-weighted or T2-weighted magnet-
ic resonance images.

Statistical analysis

The patient characteristics in the treatment groups were
compared using Pearson’s chi-square test for categorical
variables and one-way analysis of variance (ANOVA)
with post-hoc Tukey Honestly Significant Difference
(HSD) for continuous variables.

Overall survival (OS) rates according to surgery type were
calculated using the Kaplan–Meier method, and pairwise
comparison using a log-rank test adjusted using the
Benjamini–Hochberg (BH) method was performed.

Univariate analyses of OS were performed by using a two-
sided log-rank test. Variables which were potentially prognos-
tic with a p value less than 0.2 in the univariate analysis, or
variables which were significantly different between the sur-
gery groups (open biopsy vs STR or STR vs GTR) with a p
value less than 0.2 were incorporated in a Cox regression
multivariate analysis. A sensitivity analysis was performed
on the hazard ratio of the surgery types by calculating the E
value [15, 16]. A large E value implies that the evidence for
causality between the corresponding factor and the outcome is
reasonably strong, because substantial unmeasured confounds
would need to be incorporated to the analysis to reduce the
observed association to null. Statistical analyses were carried
out using the R software (version 3.5.1, R Foundation for
Statistical Computing, Vienna, Austria) with R packages,
Bsurvival^ and Bsurvminer.^

Results

Extent of resection and tumor size

The total number of patients was 9911. The number of
patients who underwent GTR, STR, and open biopsy
was 4155 (41.9%), 3498 (35.3%), and 2258 (22.8%), re-
spectively (Fig. 1). A total of 7623 (76.9%) patients died
during follow-up. The median follow-up was 12 months.

A comparison of patient characteristics between the
surgery types is summarized in Table 1. The proportion
of open biopsy decreased from 25.6% (1106/4317) to
20.6% (1152/5594) between the two diagnostic periods
of 2005–2009 and 2010–2014. In contrast, GTR and
STR increased from 41.4% (1788/4317) to 42.3%
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(2367/5594) and from 33.0% (1423/4317) to 37.1%
(2075/5594), respectively, indicating that more active sur-
gical resections were attempted over time with recent ad-
vancements in surgical techniques.

Tumor size and the proportion of STR to GTR or open
biopsy showed a positive correlation (p < .001 for GTR vs
STR and p < .001 for STR vs open biopsy) (Fig. 2). When
the tumor size exceeded 6 cm, the STR rate was higher
than that of GTR. Although the difference in tumor size
was statistically significant between the surgery types, the
mean differences between the surgery groups were less
than 1 cm (4.5, 4.9, and 4.5 cm in the GTR, STR, and
open biopsy groups, respectively), suggesting that tumor
size was a considerable but not only factor in determining
the type of surgery. Other factors such as tumor extension
or tumor location might have affected the resection
feasibility.

In a subgroup analysis according to the tumor exten-
sion, a statistically significant difference in tumor size
between the surgery groups was only observed in tumors
confined to a single cerebral hemisphere (one-way
ANOVA with Tukey HSD test, p < .001 for GTR vs
STR, p < .001 for STR vs open biopsy, and p = 0.96 for
STR vs open biopsy). In the case of tumors confined to a
cerebral hemisphere, STR was performed more often than
GTR for a tumor size of ≥ 7 cm, whereas STR was always
performed more frequently than GTR for tumors that
crossed the midline or for supratentorial tumors that ex-
tended infratentorially and vice versa regardless of tumor
size (Table 1).

Impact on overall survival by surgery type

Figure 3a shows that the effect of the EOR on survival is
observed within the 3 years after diagnosis, implying that
the long-term survivors of glioblastoma are a unique group
of patients unaffected by the treatment modality. When open
biopsy or STR was performed, the greatest proportion of
deaths occurred at 4 months after diagnosis and then de-
creased gradually. In the GTR group, the highest proportion
of deaths occurred at 11 months after diagnosis. The rates of
deaths during the first 6 months after GTR, STR, and open
biopsy were 13.3% (554/4155), 22.3% (779/3498), and
24.3% (548/2258), respectively (Fig. 3a). Themedian survival
in the GTR, STR, and open biopsy groups was 17, 13, and
13 months, respectively (log-rank test, p < .001) (Fig. 3b).

The 2-year OS rates according to the surgery type and
other variables are listed in Table 2. Excisional biopsy and
STR showed no significant difference in OS across all
subgroups. However, GTR generally increased the 2-
year OS rate relative to open biopsy and STR except for
several situations.

Although not statistically significant, in patients younger
than 50 years, the survival rate of the open biopsy group was
higher than that of the STR group. In subgroup analysis for
patients aged of < 50 years and having tumors that cross the
midline, 89, 122, and 71 patients underwent GTR, STR, and
open biopsy and the median survival rates were 22, 15, and
20 months, respectively. It suggests that the severity of the
disease in the STR group might be worse than the open biopsy
group. Median survival of GTR, STR, and open biopsy was
11, 10, and 8 months, respectively, in patients aged 50 years or
older with tumor crossing the midline.

To investigate the effect of tumor size on the prognostic
difference according to surgery type, the 2-year OS of the
surgery groups were obtained from each subgroup stratified
by tumor size (per cm) (Table 3). GTR showed significantly
favorable OS in tumors < 8 cm in size. The survival benefit of
GTR, however, was not sustained when tumor was ≥ 8 cm in
size.

Determinants of the surgery type and survival

The 1-year OS rate was summarized by surgery type, tumor
size, and site (Fig. 4). The 2-year and 3-year OS rates are
available in supplementary Figures S1 and S2. For tumors less
than 8 cm in size and located in the frontal, temporal, and
parietal lobes, GTR showed the best survival rate among sur-
gery types. The survival benefit of GTR for the occipital lobe
tumors was not clear compared to other lobe tumors. GTR
showed a good survival rate even for tumors overlapping mul-
tiple lesions.

The 1-year OS rate by surgery type, tumor size, and
extension is shown in Fig. 5. The 2-year and 3-year OS

Fig. 1 Flow diagram of patients entered into the study. GTR, gross total
resection; STR, subtotal resection; OB, open biopsy
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rates are in supplementary Figures S3 and S4. According
to the results of the analysis, the GTR had a significantly
beneficial effect on OS in cases where the tumor was
confined to one cerebral hemisphere with a size of less
than 6 cm, and the tumor that crossed the midline with the
size of 4–8 cm. For small-sized tumors that crossed the
midline, GTR failed to increase OS compared to other
surgery types. In the multivariate analysis incorporating
all variables for tumors crossing the midline with a size
of less than 4 cm, the GTR was still not superior to STR
(hazard ratio [HR] of GTR compared to STR, 0.831; 95%
confidence interval [CI], 0.576–1.199; p = .32). In tumors
≥ 8 cm in size, GTR was not superior to STR in terms of
survival, irrespective of the type of tumor extension.

STR did not significantly improve OS when compared to
open biopsy in any situation. For tumors confined to the ven-
tricle, GTR and STR did not significantly increase OS com-
pared to open biopsy. All other variables were not comparable
between the surgery groups.

Univariate and multivariate analyses for overall
survival

The univariate analysis of OS using all the available
clinical values found that the prognosis was worse in
patients who were older, white, male, who had tumors
involving the midline or supratentorial tumors that ex-
tended infratentorially or vice versa, and who underwent
open biopsy or STR. OS differences according to initial
tumor size were not significant (p = .58) (Table 4). Even
in the Cox univariate analysis including the continuous
variable of tumor size, tumor size did not predict OS
(p = .53).

All variables met the aforementioned conditions to be in-
cluded in the multivariate analysis. On multivariate analysis,
old age, male sex, a tumor involving the brain stem, a tumor
confined to the ventricles, and a tumor crossing the midline or
supratentorial tumors that extended infratentorially or vice
versa were still poor prognostic factors. GTR showed a sig-
nificantly favorable OS rate relative to STR (HR of GTR
compared to STR, 0.791; 95% CI, 0.751–0.834; p < .001;
E = 1.52), whereas STR did not show a significant benefit
over open biopsy (HR of open biopsy compared to STR,
0.971; 95% CI, 0.914–1.031; p = .33). Tumor size did not
affect the prognosis (Table 4).

Multivariate analysis was performed in each subgroup
classified by tumor size after incorporating all variables.
In the subgroup of tumors with a size ≥ 6 cm and <
8 cm, multivariate analysis showed a significant survival
benefit from GTR (HR of GTR compared to STR, 0.819;
95% CI, 0.725–0.924; p = .001; E = 1.56; HR of open
biopsy compared to STR, 0.979; 95% CI, 0.848–1.130;
p = .77). Multivariate analysis of the subgroup of tumorsT
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≥ 8 cm in size found that GTR did not significantly in-
crease survival relative to STR (HR of GTR compared to
STR, 1.106; 95% CI, 0.749–1.631; p = .61), while STR
had a marginally favorable OS rate relative to open bi-
opsy (HR of open biopsy compared to STR, 1.523; 95%
CI, 0.997–2.325; p = .05; E = 2.01). The E values of the
sensitivity analyses implied that the strength of causality
is moderate [15].

Therefore, although STR was more frequently performed
than GTR when the tumor size was ≥ 6 cm, GTR significantly
increased OS compared to STR for tumors with a size of 6–
8 cm. The survival rate of STR was similar to that of GTR and
marginally higher than that of open biopsy only when the
tumor size was ≥ 8 cm.

Cause of death by surgery type

The cause of death was compared according to the sur-
gery type. The incidence of non-glioblastoma death
among all deaths was approximately 5% irrespective of
surgery type. The causes of death that might be related
to surgical complications such as accidents/adverse ef-
fects, cerebrovascular diseases, pneumonia, septicemia,
and infection in the GTR, STR, and open biopsy groups
were 2.2%, 1.2%, and 1.9% within 6 months after diag-
nosis and 0.6%, 1.1%, and 0.7% after 6 months from the
time of diagnosis, respectively, suggesting a higher inci-
dence of complication-related mortality within 6 months
from the diagnosis (Pearson’s chi-square test, p = .003).
However, there was no significant difference in the distri-
bution of these causes of death among the surgery groups
regardless of the time of death (supplementary Tables S1,
S2, and S3).

Discussion

Key results

In this population-based study using a contemporary data set,
tumor size, extension, and location of the tumor affected the
rate of GTR. GTR had a survival benefit even when tumors
were ≥ 6 cm in size or when tumors crossed the midline in
which GTR was performed passively. Therefore, GTR needs
to be performed more actively with advanced surgical tech-
niques even with the latest radiotherapy techniques and che-
motherapy regimens.

Extent of resection in glioblastoma

There are several arguments for re-evaluating the EOR. The
first is that as there is no significant difference in survival
between STR and open biopsy; STR beyond the range of open
biopsymight not be necessary in situations where GTR cannot
be safely performed [17]. On the other hand, STR can signif-
icantly improve the survival rate as long as the EOR exceeds a
certain threshold (e.g., 78%) [18]. Others have suggested that
there is a continuous, non-linear relationship between survival
and EOR, suggesting that any degree of resection provides a
survival advantage without a threshold [19]. Of these, the
second and third points should be based on volumetric analy-
ses of the EOR.

In this study, we did not stratify open biopsy and STR
according to a numeric value for the EOR. However, it seems
evident that treatments considered to be STR in clinical prac-
tice did not show a significant survival difference over open
biopsy in this population-based study. As more effective and
accessible chemoradiotherapy has become widespread, the

Fig. 2 Number of glioblastoma
patients who underwent gross
total resection (GTR), subtotal
resection (STR), or open biopsy
(OB) in each surgery group ac-
cording to tumor size. The p-
values: one-way ANOVA test
followed by post-hoc Tukey
Honestly Significant Difference
(HSD) test. GTR gross total re-
section, STR subtotal resection,
OB open biopsy
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survival difference between open biopsy and STR may have
reduced. This current analysis only enrolled patients who
underwent both chemotherapy and radiotherapy.
Furthermore, as GTR has always had a better survival rate
than STR in all of the aforementioned studies regarding the
EOR, efforts to achieve GTR appears to be justified.

Extent of resection of gross total resection
considering tumor size

There is also controversy about the ideal EOR when
performing GTR. One study showed that the removal of
the region appearing abnormal on FLAIR imaging in ad-
dition to the 100% contrast-enhancing resection may

improve survival [9]. However, this surgery is not only
impossible in many cases but can also fail to achieve the
desired results when considering the results of extremely
extensive resections in the past. Cerebral hemispherecto-
my for glioblastoma from the 1920s to the 1970s showed
an unfavorable prognosis—patients died from postsurgical
complication or recurrence even after hemispherectomy
[20]. Rahman et al. demonstrated that developing a new
neurological deficit after resection of glioblastoma de-
creased OS [21].

In this current study, there was no difference in surviv-
al between GTR and STR when the tumor size was 8 cm
or greater. The average size of the brains is 14–15 cm in
biparietal diameter and 19–20 cm in occipitofrontal

Fig. 3 a Number of deaths per
3 months for each surgery group
over time. The p values: Pearson’s
chi-square test (death in each sur-
gery group × month). b Kaplan–
Meier survival estimate according
to surgery type. The p values:
pairwise comparison using a log-
rank test adjusted using the
Benjamini–Hochberg (BH)
method. GTR gross total resec-
tion, STR subtotal resection, OB
open biopsy

Neurosurg Rev (2019) 42:937 950– 943



diameter [22]. Thus, tumors larger than 8 cm may cross
the midline or occupy nearly half of the hemisphere. For
these tumors, STR was not only superior to open biopsy
but also not inferior to GTR. This suggests that as the
tumor size increases, the difference in the tumor burden
between open biopsy and STR may increase, while the

prognostic gap between STR and GTR might be reduced
owing to the increased possibility of surgery-induced
morbidity from GTR. Even though an 8-cm tumor size
may not be an absolute criterion, GTR for huge tumors
may need to consider the possibility of surgery-induced
morbidity.

Table 2 Two-year overall survival according to surgery type and clinical variables in glioblastoma

Characteristics Gross total resection Subtotal resection Open biopsy p value* (G
vs S)

p value* (G
vs O)

p value* (S
vs O)

2-year
OS

95% CI 2-year
OS

95% CI 2-year
OS

95% CI

Total 30.8 (29.2–32.3) 22.2 (20.7–23.8) 24.2 (22.3–26.1) < .001 < .001 .39
Age

< 50 44.9 (41.1–48.6) 37.7 (33.6–41.8) 43.9 (38.8–48.9) < .001 < .001 .29
50–59 33.8 (30.9–36.8) 25.6 (22.6–28.6) 26.9 (23.3–30.6) < .001 < .001 .35
60–69 26.3 (23.7–29.0) 17.6 (15.4–20.4) 19.6 (16.5–22.8) < .001 < .001 .65
70 ≤ 18.5 (15.6–21.6) 9.3 (7.0–11.9) 10.0 (7.4–13.1) < .001 < .001 .50

Race
White 30.3 (28.6–31.9) 21.0 (19.4–22.6) 23.4 (21.4–25.4) < .001 < .001 .30
Black 34.1 (27.1–41.3) 28.7 (21.9–35.9) 26.2 (18.8–34.1) .20 .20 .80
Others 37.2 (29.7–44.7) 36.8 (28.9–44.7) 36.6 (26.6–46.6) .60 .60 .60
Unknown 35.0 (4.9–69.3) 0.0 NA 50.0 (0.6–91.0) 1.00 1.00 1.00

Sex
Male 28.8 (26.8–30.8) 21.9 (20.0–23.9) 23.5 (21.1–25.9) < .001 < .001 .75
Female 33.5 (31.1–36.0) 22.7 (20.2–25.2) 25.3 (22.3–28.3) < .001 < .001 .33

Year of diagnosis
2005–2009 30.1 (27.9–32.2) 21.2 (19.1–23.4) 24.5 (22.0–27.0) < .001 < .001 .04
2010–2014 31.2 (28.9–33.6) 23.1 (21.0–25.4) 24.1 (21.3–27.0) < .001 < .001 .33

Size
< 2 cm 31.1 (25.1–38.7) 22.0 (15.9–30.3) 25.9 (19.0–35.3) .004 .004 .95
≥ 2 cm and < 6 cm 30.9 (29.2–32.8) 21.6 (19.9–23.5) 23.9 (21.8–26.2) < .001 < .001 .21
≥ 6 cm and < 8 cm 30.3 (26.7–34.4) 23.8 (20.6–27.4) 24.2 (20.0–29.4) .005 .05 .77
≥ 8 cm 28.7 (19.4–42.4) 26.1 (18.6–36.7) 28.6 (17.7–46.1) .88 .34 .34

Site and extension
Confined to cerebral hemisphere 31.6 (29.9–33.3) 23.8 (21.9–25.7) 24.9 (22.7–27.2) < .001 < .001 .34

-Frontal lobe 33.3 (30.2–36.8) 27.2 (23.7–31.3) 28.0 (24.0–32.7) .02 .03 .97
-Temporal lobe 33.0 (30.1–36.1) 24.8 (21.7–28.4) 25.9 (21.8–30.7) < .001 .004 .62
-Parietal lobe 30.5 (26.8–34.7) 23.1 (19.2–27.8) 21.6 (17.1–27.4) < .001 < .001 .96
-Occipital lobe 28.8 (22.5–36.8) 28.6 (20.9–39.1) 14.9 (0.09–24.2) .29 0.02 .26
-Hemisphere, NOS 27.3 (23.1–32.3) 16.5 (13.1–20.8) 25.5 (20.6–31.5) < .001 .30 .04

Confined to cerebellum 30.8 (9.5–55.4) 33.7 (16.2–52.3) 30.4 (10.4–53.4) .49 .49 .96
Confined to brain stem 25.0 (3.7–55.8) 27.6 (6.9–53.7) 23.9 (11.3–39.1) .47 .44 .44
Both cerebellum and brain stem NA NA 33.3 (0.9–77.4) 50.0 (5.8–84.5) NA NA .31
Confined to ventricles 28.4 (20.1–37.2) 20.7 (14.0–28.4) 21.0 (13.4–29.7) .45 .40 .45
Tumor crossing the midline 25.6 (20.6–30.8) 14.3 (11.1–17.8) 18.3 (14.1–22.9) < .001 < .001 .38
Supratentorial tumor extended
infratentorially or vice versa

26.1 (9.7–46.0) 17.1 (8.6–28.2) 15.2 (3.8–33.6) .74 .74 .74

Tumor invades skull, major
blood vessel, meninges, nerves, or
spinal cord

31.8 (17.9–46.6) 20.0 (9.1–34.0) 50.0 (25.9–70.1) .55 .22 .22

Unknown 26.9 (19.3–35.1) 24.8 (18.1–32.1) 29.6 (21.2–38.3) .41 .88 .41
Insurance
Uninsured 30.7 (20.6–41.3) 30.6 (21.6–40.2) 28.5 (17.4–40.6) .66 .66 .67
Insured 31.2 (29.2–33.1) 21.4 (19.5–23.2) 24.2 (22.1–26.3) < .001 < .001 .33
Medicaid 32.9 (26.4–39.5) 26.0 (20.7–31.5) 22.5 (16.3–29.4) .03 .008 .33
Unknown 29.0 (26.0–32.1) 21.6 (18.3–25.1) 24.4 (18.9–30.4) < .001 .17 .30

Marriage
Married 31.4 (29.6–33.3) 21.9 (20.0–23.7) 23.5 (21.2–25.9) < .001 < .001 .60
Others 28.8 (25.9–31.8) 22.6 (19.7–25.5) 25.0 (21.7–28.5) < .001 < .001 .52
Unknown 33.3 (23.6–43.4) 28.7 (18.8–39.3) 29.8 (19.4–40.9) .11 .11 .81

OS overall survival, CI confidence interval, G gross total resection, S subtotal resection, O open biopsy, NA not applicable

*Pairwise comparison using a log-rank test, adjusted by the Benjamini–Hochberg (BH) method
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Extent of resection for large tumors

On the other hand, it is noticeable that STR was more fre-
quently performed than GTR when the size of the tumor
was ≥ 6 cm, although the survival benefit of performing
GTR was observed even in this large-sized tumor group.
Given that most of the STRs (70.7%) were performed for
tumors confined to a cerebral hemisphere, it is possible that
despite the absence of critical organ invasion, passive resec-
tions might have been performed for relatively large tumors.
More drastic GTR for tumors larger than 6 cm may be helpful
to improve prognosis relative to STR.

Extent of resection for tumors crossing the midline

For small-sized (< 4 cm) tumors that crossed the midline, GTR
did not significantly increase OS compared to other surgery
types. This might be because the surgery was performed too
early in the course of the disease, and supramaximal resection
is presumed to be necessary in this case. In tumors with a size
of ≥ 4 cm that crossed the midline, GTR showed a better OS
rate than STR. That is, a tumor crossing the midline may not
be an absolute contraindication to GTR, and GTR needs to be
actively performed on these tumors by increasing surgical
accessibility.

Table 3 Two-year overall survival according to surgery type and tumor size in glioblastoma

Tumor size Gross total resection Subtotal resection Open biopsy p value* (G
vs S)

p value* (G
vs O)

p value* (S
vs O)

No. 2-year OS
(%)

95% CI No. 2-year OS
(%)

95% CI No. 2-year OS
(%)

95% CI

All 415 5 30.8 (29.2–32.3) 3498 22.2 (20.7–23.8) 2258 24.2 (22.3–26.1) < .001 < .001
.39

≥ 2 cm 3922 30.8 (29.1–32.4) 3331 22.2 (20.7–23.8) 2122 24.1 (22.2–26.1) < .001 < .001
.35

≥ 3 cm 3397 29.8 (28.1–31.5) 2982 22.0 (20.4–23.7) 1810 23.3 (21.2–25.4) < .001 < .001
.48

≥ 4 cm 2542 29.8 (27.8–31.7) 2406 22.2 (20.3–24.0) 1354 23.7 (21.3–26.1) < .001 < .001
.53

≥ 5 cm 1573 30.2 (27.7–32.7) 1646 22.9 (20.6–25.2) 814 23.1 (20.1–26.2) < .001 < .001
.88

≥ 6 cm 747 30.1 (26.5–33.8) 870 24.1 (21.0–27.3) 412 24.8 (20.5–29.3) .02 .03
.78

≥ 7 cm 245 33.1 (26.5–39.7) 345 22.7 (17.9–27.7) 155 28.6 (21.3–36.3) .09 .09
.81

≥ 8 cm 76 28.7 (18.1–40.1) 115 26.4 (17.9–35.6) 43 28.6 (16.0–42.6) .88 .34
.34

≥ 9 cm 25 24.6 (9.0–44.2) 42 28.7 (14.9–44.1) 12 27.3 (6.5–53.9) .96 .74
.74

≥ 10 cm 18 27.9 (8.8–51.2) 20 31.5 (11.4–54.1) 7 33.3 (4.6–67.6) .93 .93
.93

< 2 cm 233 31.1 (24.6–37.9) 167 22.0 (15.3–29.4) 136 26.1 (18.4–34.4) .004 .004
.95

≥ 2 cm and
< 3 cm

525 36.9 (32.4–41.5) 349 23.8 (18.9–29.0) 312 29.0 (23.8–34.5) < .001 .01
.63

≥ 3 cm and
< 4 cm

855 29.8 (26.4–33.3) 576 21.7 (18.1–25.5) 456 21.9 (17.9–26.2) < .001 < .001
.83

≥ 4 cm and
< 5 cm

969 29.1 (26.0–32.3) 760 20.7 (17.6–24.0) 540 24.6 (20.8–28.5) < .001 < .001
.22

≥ 5 cm and
< 6 cm

826 30.2 (26.8–33.8) 776 21.5 (18.4–24.9) 402 21.2 (17.1–25.7) < .001 < .001
.96

≥ 6 cm and
< 7 cm

502 28.8 (24.5–33.2) 525 25.0 (21.0–29.2) 257 22.8 (17.7–28.4) .14 .17
.92

≥ 7 cm and
< 8 cm

169 35.4 (27.3–43.5) 230 20.9 (15.3–27.0) 112 28.1 (19.5–37.4) .01 .18
.46

≥ 8 cm and
< 9 cm

51 30.8 (17.8–44.9) 73 25.0 (14.8–36.5) 31 29.0 (14.5–45.3) .69 .52
.52

≥ 9 cm and
< 10 cm

7 17.1 (0.8–52.6) 22 26.7 (9.7–47.2) 5 20.0 (0.8–58.2) .91 .51
.51

≥ 10 cm 18 27.9 (8.8–51.2) 20 31.5 (11.4–54.1) 7 33.3 (4.6–67.6) .93 .93
.93

OS overall survival, CI confidence interval, G gross total resection, S subtotal resection, O open biopsy

*Pairwise comparison using a log-rank test, adjusted by the Benjamini–Hochberg (BH) method
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Extent of resection according to the tumor location

However, GTR was not necessarily more effective than STR
for tumors involving the occipital lobe, brain stem, cerebel-
lum, or tumors that invade surrounding structures. STR might
be considered for tumors located where GTR is difficult to
perform without significant sacrifice of the patient’s survival
and/or quality of life. A retrospective study from the Rare
Cancer Network demonstrated that any resection (complete
or partial) for cerebellar glioblastoma significantly improved
survival compared to excision for biopsy. In this study, among
43 patients with cerebellar glioblastoma, only nine (20.9%)
patients underwent complete resection, suggesting that GTR
for cerebellar glioblastoma is difficult to achieve [23].

Chemotherapy and radiotherapy according to EOR

Radiotherapy and chemotherapy following surgery for glio-
blastoma patients might not be significantly affected by EOR
at the time of surgery. This is because the chemotherapy and

radiotherapy regimens are usually determined not by EOR but
by patients’ age, performance status, and methylation of the
O6-methylguanine-DNA methyltransferase (MGMT) pro-
moter [24].

Even though the regimens of radiotherapy and chemother-
apy differ between the GTR group and the non-GTR group,
the non-GTR group may have been treated more aggressively.
For example, a higher radiation dose might have been added
to the remnant tumor area, or chemotherapy may have been
performed longer than the basic protocol. Therefore, it is un-
likely that the survival rate of the non-GTR group would be
worse because of differences in radiotherapy or
chemotherapy.

Limitations

The main limitation of this study arises from its retrospective
nature. However, as a randomized controlled trial to compare
GTR, STR, and open biopsy for glioblastoma is not feasible, a
population-based retrospective study may be one of the

Fig. 4 One-year overall survival (OS) rate according to the surgery type, tumor size, and site. GTR gross total resection, STR subtotal resection, OB open
biopsy. *Pairwise comparison using a log-rank test adjusted using the Benjamini–Hochberg (BH) method with p < .05
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optimal strategies. It is not known in how many patients STR
was intentionally performed. In order to know this, it is nec-
essary to compare the preoperative and postoperative surgery
names, but only the definite surgery name was known.

As the information of EOR is based on the database entries,
tumor image review or volumetric calculation was impossible.
Tumor volumetric information rather than linear size may
more clearly reflect the preoperative and postoperative resid-
ual tumor burden. More accurate conclusions can be reached
if population-based studies with volumetric information are
followed. Even with this limitation, no clear survival differ-
ence between the open biopsy and STR was observed unless
the tumor was ≥ 8 cm in our study. Therefore, performing
GTR might be more effective in improving survival than sat-
isfying an ideal specific EOR threshold for STR.

If the extents of crossing the midline were also quantifiable
(from Bthe tip of the iceberg^ to Bthe tumor that involves both
sides equally^), we could make clearer conclusions about the

relationship between the surgery type and survival in tumors
that crossed the midline.

Because of the large data size, some registration errors
might be possible. In this study, the number of patients in
several overlapped categories between the tumor site and tu-
mor extension was slightly unmatched. Thus, we have inte-
grated these two variables in the way that the tumor with an
extension confined to hemisphere was classified by several
lobes based on the tumor site information.We performed mul-
tivariate analyses incorporating the site and extension vari-
ables in various ways, and the results were similar (data not
shown).

Although the SEER database is a well-organized popula-
tion based cohort, it does not provide details such as disease-
free survival, patients’ performance status, and post-operative
persisting neurological deficit. Also, the SEER database does
not provide information of specific treatment regimens (radi-
ation total dose and dose per fraction, chemotherapy regimen

Fig. 5 One-year overall survival (OS) rate according to the surgery type, tumor size, and extension. GTR gross total resection, STR subtotal resection,
OB open biopsy. *Pairwise comparison using a log-rank test adjusted using the Benjamini–Hochberg (BH) method with p < .05
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and cycles, and the use of tumor treating fields). Elderly pa-
tients may have been treated with less aggressive treatment
regimens such as the NORDIC trial regimen [25]. Since our
study only included patients diagnosed by 2014, the Perry
schemewould not have been applied to these patients yet [26].

Genetic information such as MGMT, isocitrate dehydroge-
nase (IDH), and telomerase reverse transcriptase (TERT)
genes was not obtained in this study. Therefore, the updated
World Health Organization (WHO) classification according to
IDH-mutant was not available [27]. It is well known that
MGMT promoter methylation and IDH mutation in glioblas-
toma are significantly favorable factors [28, 29], whereas
TERT promoter mutation is a poor prognostic factor [30]. If
this information is added to our study, it would be more help-
ful to determine how EOR affects survival rate based on ge-
netic subtype.

Conclusions

Although GTR remains the gold standard treatment for glio-
blastoma, STR/open biopsy was performed more frequently
in clinical practice. As GTR is beneficial to OS, even for
tumors that cross the midline and tumors ≥ 6 cm in size,
GTR should be more actively performed than STR or open
biopsy.
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