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INTRODUCTION

The aims of this study were to investigate the role of the Neurological Assessment of
Neuro-Oncology (NANO) scale in predicting the prognosis of patients with glioblastoma, and compare
these results to predicted data of the Karnofsky Performance Scale (KPS), and Eastern Cooperative
Oncology Group (ECOG)/World Health Organization (WHO) performance status. Additionally, we ex-
amined other prognostic factors in glioblastoma patients.

PETEEE  The medical records of 76 patients with a new diagnosis of histologically ascertained
glioblastoma in the period from January 2002 to December 2015 at the authors’ institution were retro-
spectively reviewed. Clinical factors, including epidemiologic, radiologic, and therapeutic values were
reviewed as well as the performance status assessed by the KPS, ECOG/WHO performance status,
and NANO scale.

CESTE  The mean overall survival was 19.8 months (95% confidence interval 15.2—25.4
months). At initial diagnosis, the mean value [+standard deviation (SD)] of KPS score, ECOG/WHO
performance status, and NANO scale were 81 (£7.4), 1.3 (+0.6), and 7.3 (£3.8), respectively. Multivari-
ate analysis for predicting survival showed odds ratios of KPS score, ECOG/WHO performance status,
and NANO scale were 2.502 (>80 vs. <80; p=0.024), 1.691 (0—1 vs. 2—5; p=0.047), and 2.763 (0—7
vs. 8—283; p=0.020), respectively. At the time of progression, the mean value (£SD) of KPS score,
ECOG/WHO performance status, and NANO scale were 69 (£8.2), 1.6 (+0.7), and 11.4 (+4.2), respec-
tively; multivariate analysis for predicting survival showed that the odd ratios for KPS score, ECOG/
WHO performance status, and NANO scale were 2.007 (=80 vs. <80; p=0.035), 1.321 (0—1 vs. 2—5;
p=0.143), and 3.182 (0—7 vs. 8—23; p=0.002), respectively.

The NANO scale provided a more detailed and objective measure of neurologic func-
tion than that currently used for predicting the prognosis of glioblastoma patients, especially at the
time of progression.
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nual incidence is about 3—4 cases per 100,000 population [1];
whereas, the incidence is relatively low in Korea with 0.59

Glioblastoma is the most common malignant brain tumor,
accounting for approximately 12-15% of all primary intracra-
nial neoplasm and 60-75% of glial tumors [1,2]. In most Eu-
ropean and North American countries and Australia, the an-
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cases per 100,000 population per year [3]. After a randomized
phase III trial with glioblastoma patients showed that con-
comitant and adjuvant temozolomide in addition to standard
postoperative radiotherapy improved the length of survival
relative to postoperative radiotherapy alone in 2004 [4], this
therapeutic approach was considered as the new standard
treatment for glioblastoma resulting in increasing the median
length of survival to 12-15 months, albeit this result is still
considered to be dismal.


http://crossmark.crossref.org/dialog/?doi=10.14791/btrt.2018.6.e1&domain=pdf&date_stamp=2018-04-27

In terms of the prognostic factors for glioblastoma, the meth-
ylation status of O6-methyl guanine DNA methyltransferase
(MGMT) gene promoter has been revealed to be a strong pre-
dictor of the survival of glioblastoma patients, according to the
long-term follow-up of a recent randomized phase IIT clinical
trial and final results of the initial trial in 2004 [5]. In litera-
ture, the age of patients [4-8], performance status [7-9], surgi-
cal extent [4,5,7], recursive partitioning analysis (RPA) class
[5-8], and postoperative chemotherapy and/or radiotherapy
[6,7,10] were reported as the prognostic factors for survival in
glioblastoma patients. In the assessment of performance sta-
tus, the Karnofsky Performance Scale (KPS) or the Eastern
Cooperative Oncology Group (ECOG)/World Health Organi-
zation (WHO) performance status were generally used in prac-
tice. RPA class also included the performance status estimated
by the KPS score in making a group for analysis. However,
neuro-oncologists have encountered both patients with low
KPS score who have survived longer as well as those with high
KPS score and shorter survival rates, which presents a dilemma
for these neuro-oncologists in predicting the prognosis of their
glioblastoma patients.

Recently, the Response Assessment in Neuro-Oncology
(RANO) working group was established to develop new stan-
dardized response criteria for clinical trials in brain tumors. This
international and multidisciplinary effort is trying to overcome
the limitation of the McDonald criteria and develop novel re-
sponse and progression assessment criteria. As a part of this ef-
fort, the Neurological Assessment in Neuro-Oncology (NANO)
working group developed a more objective, quantifiable proxy
for the clinical status of patients with a brain tumor to estimate
the therapeutic response focused not on the radiologic find-
ings, but the clinical conditions.

The aims of this study were to investigate the role of the
NANO scales in predicting the prognosis of glioblastoma pa-
tients, and compare these results with those predicted by the
KPS, and ECOG/WHO performance status. In addition, we
also examined other prognostic factors in glioblastoma patients
and validated our results.

MATERIALS AND METHODS

Patient collections

The protocol of this study was approved by the Institutional
Review Boards of our institute (SCMC 2017-04-006). The in-
formed consent was omitted because this study was com-
posed of a retrospective review of medical record simply, and
there was no risk of harm to the patients. We obtained the data
from the medical records of patients who underwent surgical
resection or biopsy at our institute and were histopathologically
diagnosed with glioblastoma from January 2002 to December
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2015. Inclusion criteria were as follows; 1) patients with a
pathologically proven glioblastoma, 2) patients with a newly
diagnosed glioblastoma, 3) sufficient radiological image at
pre and postoperative period and regular follow up period,
and 4) sufficient clinical data of performance status on the
medical record written by nurse or physician. Any patients who
did not fulfill the inclusion criteria or was lost during follow-
up were excluded. All patients included in this study had a
newly diagnosed glioblastoma and were treated and followed
up at our institution until death. All patients had undergone
resection or biopsy sampling of their tumors. In most cases,
adjuvant conventional radiotherapy, chemotherapy, or both
were performed after the diagnosis of glioblastoma.

Clinical and histopathological analysis

Epidemiological characteristics (including sex, age at the
time of surgery, and RPA class), type of postoperative treat-
ment, type of salvage treatment after tumor recurrence, length
of follow-up, and time of death were retrospectively reviewed
in the medical record of each patient. The radiation dosage,
type of radiotherapy administered, and the regimen and timing
of chemotherapy were also examined.

The performance status of patients was estimated by the
KPS [11], ECOG/WHO performance status [12], and NANO
scale [13]. The NANO scale is a simple neurological assessment
conducted and reported by three individual physicians who
evaluates the patient in nine domains: gait, strength, upper ex-
tremity ataxia, sensation, visual fields, facial strength, language,
level of consciousness, and behavior. Each domain contains a
score from 0 to 3 or 0 to 2, depending on the domain, with
higher scores indicating worse neurologic function (Table 1).
The performance status was reviewed and recorded at the time
of initial diagnosis and tumor progression through the use of
the four tools. If there was discrepancy of the NANO scales
between investigators, they discussed and determined the op-
timal scale.

All hematoxylin and eosin stained slides were reviewed by
two pathologists using the WHO classification of 2007 and
who were blinded to the clinical and pathological parameters.
The following glioblastoma sample was excluded: 1) the sam-
ple which was almost entirely necrotized, or 2) the tumor
contribution to the section was less than 80% [14]. The meth-
ylation status of the MGMT gene promoter in formalin-fixed,
paraffin-embedded material was determined by methylation-
specific polymerase chain reaction as described by Palmisano
etal. [15].

Radiological analysis

A radiological evaluation was performed according to the
protocol of our institution [16]. The extent of tumor resection
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NANO Scale for Glioblastoma

Table 1. The scheme of Neurological Assessment of Neuro-Oncology scale

Domain Score*

Functions

Gait 0 Normal

Unable to walk

Strength Normal

No movement

Ataxia (upper extremity)

Sensation Normal

Visual fields Normal

Complete hemianopsia
Normal

Mild/moderate weakness
Severe facial weakness
Normal

Facial strength

Language

Normal

Drowsy (easily arousable)

Level of consciousness

N = O W N = O W = O~ O WK O O F O WD~ O W —

Unaware of sensory modality

Somnolent (difficult to arouse)

Abnormal but walks without assistance
Abnormal and requires assistance (companion, cane, walker, etc.)

Movement present but decreased against resistance
Movement present but none against resistance

Able to finger to nose touch without difficulty
Able to finger to nose touch but difficult
Unable to finger to nose touch

Decreased but aware of sensory modality

Inconsistent or equivocal partial hemianopsia (> quadrantopsia)
Consistent or unequivocal partial hemianopsia (> quadrantopsia)

Abnormal but easily conveys meaning to examiner
Abnormal and difficulty conveying meaning to examiner
Abnormal. If verbal, unable to convey meaning to the examiner. OR non-verbal (mute/global aphasia)

Unarousable/coma
Behavior Normal
Mild/moderate alteration
Severe alteration
*Total sum of score is 23

and response to treatment was estimated by two different
neuroradiologists who were blinded to the clinical and patho-
logical findings. The extent of the resection was estimated
from magnetic resonance image (MRI) scans acquired within
48 hours of surgery. A subtotal resection (STR) was defined as
removal of more than 90% of the gadolinium (Gd)-enhancing
lesion on enhanced T1-weighted MRI scans, and gross-total
resection (GTR) was defined as lack of a detectable Gd-en-
hancing lesion. Regarding the treatment response, tumor mea-
surements for determining treatment responses according to
the Macdonald criteria were based on the product of orthogo-
nal diameter on the image with the largest Gd-enhancing tu-
mor area [17]; complete remission was defined as the complete
disappearance of all evidence of lymphoma; partial response
as 250% decrease in tumor size; progressive disease as a 225%
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increase in tumor size or the appearance of any new lesion;
and stable disease as situations that did not meet any of these
three previous criteria. If multiple lesions were present, the
sum of the products of individual measurable lesions was cal-
culated. Radiological studies were performed at regular 3-month
intervals during the follow-up period or if there was clinical
suspicion of disease progression.

Statistical analysis

The differences between subgroups were analyzed with the
Student t-test for normally distributed continuous values and
with the Mann-Whitney U-test for nonnormally distributed
continuous values. The chi-square test was used to analyze
categorical variables. To define the cutoff score of NANO scale
for predicting better prognosis, the receiver operating charac-



teristic (ROC) curve analysis and sensitivity-specificity test
were performed [18]. The overall survival (OS) was calculated
according to the Kaplan-Meier method, and comparisons
among groups were performed with log-rank tests. Variables
found to be statistically significantly associated with OS of glio-
blastoma patients in the univariate analyses were examined in
a multivariate analysis. Moreover, several additional variables
that have been associated with OS in the literature and that
were of interest to us were also included in the multivariate
analysis. In this analysis, the Cox proportional-hazards regres-
sion model was used to assess the independent effects of spe-
cific factors on OS and to define the hazard ratios (HRs) of sig-
nificant covariates. Two-sided p-values <0.05 were considered
statistically significant. SPSS software, version 18.0 (SPSS Inc.,
Chicago, IL, USA) was used for the statistical analysis.

RESULTS

Clinical characteristics of patients

Among 91 total cases of glioblastoma recorded in the se-
lected study period, data from 76 patients (49 men and 27
women) were eligible for inclusion in our analysis (Table 2);
13 patients were excluded due to insufficient medical records
with inability to estimate the performance status, and 2 pa-
tients were excluded due to inadequate histopathological con-
dition of their samples. All patients were followed up for at
least three months, with a mean follow-up length of 19.8
months (range 4.1-43.5 months). The mean age of these pa-
tients at the time of a new diagnosis of glioblastoma was 52.6
years (range 27.0-77.4 years). The most frequent chief pre-
senting symptoms were headache in 38 patients (50.0%), focal
neurological deficits such as motor weakness or dysphasia in
16 (21.1%), altered mentation in 13 (17.1%), and seizures in
nine (11.8%).

Sixty-eight patients (89.5%) had undergone radical resec-
tion of tumors, and eight (10.5%) had a diagnosis of glioblas-
toma after a biopsy. For postoperative adjuvant treatment, 33
patients (43.4%) received nitrosourea-based combination che-
motherapy with or without radiotherapy, and 43 (56.6%) re-
ceived concurrent chemoradiotherapy with temozolomide.

After tumor progression, 35 patients (46.1%) underwent a
second resection, and eight (10.5%) were treated with repeat-
ed radiotherapy, 45 (59.2%) with salvage chemotherapy, and
nine (11.8%) with supportive care only.

Radiological and histopathological characteristics
of glioblastoma

All glioblastomas were located in the supratentorial area;
the main locations of involvement were as follows: 40 tumors
(52.6%) were located in the frontal lobe, 20 (26.3%) in the
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temporal lobe, six (7.9%) in the parietal lobe, five (6.6%) in
the occipital lobe, and five (6.6%) in the thalamus and basal
ganglia. The mean maximal tumor diameter in the T1-weight-
ed, Gd-enhancing image was 4.2 cm (range 1.5-7.5 cm), and
the mean extent of peritumoral edema was 3.6 cm (range 2.1~
5.8 cm). The MGMT gene promoter was methylated in 47
patients (61.8%) and unmethylated in 29 (38.2%) (Table 2).

Performance status of the glioblastoma patients

There were 6 patients (7.9%) who were assessed differently
with NANO scale by individual investigators; 4 patients (5.3%)
were different in NANO scale by 2 investigators and 2 patients
(1.6%) were different in NANO scale by 3 investigators.

At the time of initial diagnosis, the mean [*standard devia-
tion (SD)] KPS score was 81 (£7.4); 40 (52.6%) patients had a
KPS score of >80. The mean (+SD) ECOG/WHO perfor-
mance status was 1.3 (+0.6); 45 (59.2%) patients had a ECOG/
WHO performance status 0-1 (Table 3).

During the follow-up period, 72 patients (94.7%) experi-
enced tumor progression, and the mean time to progression was
9.6 months [95% confidence interval (CI) 6.8-12.4 months].
The performance status of patients got worse at the time of
tumor progression compared to that of patients at the time
of initial diagnosis; mean (+SD) KPS score was 69 (+8.2); 31
(43.1%) patients had a KPS score of >80; the mean (+SD)
ECOG/WHO performance status was 1.6 (+0.7); 32 (44.4%)

Table 2. Clinical characteristics of glioblastoma patients (n=76)

Variables n (%)

Age (years)

<50 26 (34.2)

>50 50 (65.8)
Sex

Male 49 (64.5)

Female 27 (35.5)
Extent of surgery

Biopsy 8(10.5)

Subtotal resection 32 (42.1)

Gross total resection 36 (47.4)
RPA class

I 19 (25.0)

v 42 (55.3)

A% 15(19.7)
Methylation status of MGMT gene promoter

Methylated 47 (61.8)

Unmethylated 29 (38.2)

Postoperative adjuvant therapy
33(43.4)
Concurrent chemoradiotherapy with temozolomide 43 (56.6)

MGMT, O6-methyl guanine DNA methyltransferase; RPA, recur-
sive partitioning analysis

Nitrosurea-based combination chemotherapy
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patients had a ECOG/WHO performance status 0-1.

In terms of the NANO scale at the time of initial diagnosis
of glioblastoma, the mean (+SD) score of NANO scale was 7.3
(3.8); 37 (48.7%) patients had a NANO scale score of 0-7.
An ROC curve analysis of the mean NANO scale score pre-
dicting longer survival indicated an area under the curve of
0.708. The optimal threshold of the mean score of NANO scale

Table 3. Initial performance status of the glioblastoma patients (n=76)

for distinguishing between patients with longer survival and
those with shorter survival was 7, and this threshold yielded a
sensitivity of 65.1% (95% CI 57.2-72.9%), a specificity of 72.6%
(95% CI 65.9-79.3%), and an accuracy of 77.8% (95% CI 68.8~
86.8%). The mean (+SD) score of NANO at the time of pro-
gression increased to 11.4 (£4.2), and only 21 (29.2%) patients
had a NANO scale score of 0-7.

Assessment tool (score) Mean score (+SE) Cut-off Number of patients (%)
KPS score (0-100) 81 (£7.4) 100-80 40 (52.6)
0-80 36 (47.4)
ECOG/WHO performance status (0-5) 1.3 (£0.6) 0-1 45 (59.2)
2-5 31 (40.8)
NANO scale (0-23) 7.3 (+3.8) 0-7 37 (48.7)
8-23 39(51.3)

ECOG, Eastern Cooperative Oncology Group; KPS, Karnofsky Performance Scale; NANO, Neurological Assessment of Neuro-Oncology;

SE, standard error; WHO, World Health Organization

Table 4. OS and their associated factors estimated by univariate analysis

Variables Mean OS (month, 95% CI) Hazard ratio 95% CI p value
Age (years)
<50 24.2(19.9-28.4) 3.342 2.026-4.658 0.004
=50 15.8(13.4-18.2) 1.000
Sex
Female 20.3 (16.5-23.7) 1.547 0.894-2.201 0.372
Male 17.4 (14.1-20.4) 1.000
Extent of surgery
Biopsy 9.1(7.1-11.1) 1.000
Subtotal resection 16.7 (13.7-19.6) 3.106 1.827-4.385 0.013
Gross total resection 23.1(19.5-26.8) 3.691 2.283-5.099 0.001
RPA class
11T 31.7 (26.2-37.1) 4208 2.841-5.581 <0.001
v 17.0 (14.9-19.1) 3.597 2.116-5.078 0.007
\Y% 10.8 (8.4-13.2) 1.000
KPS score
=80 23.7(14.8-32.6) 2.036 1.246-2.826 0.041
<80 13.9 (9.8-18.1) 1.000
ECOG/WHO performance status
0-1 19.8 (14.8-24.8) 1.812 1.012-2.612 0.048
2-5 16.8 (9.2-24.1) 1.000
NANO scale
0-7 25.2(17.5-23.9) 2.394 1.796-5.568 0.023
8-23 124 (12.4-17.1) 1.000
Methylation status of MGMT gene promoter
Methylated 20.7 (17.5-23.9) 3.682 1.796-5.568 0.010
Unmethylated 14.8 (12.4-17.1) 1.000
Postoperative adjuvant therapy
Nitrosurea-based chemotherapy 20.5(16.8-24.1) 1.682 0.908-2.456 0.217
Temozolomide-based chemoradiotherapy 17.0 (14.1-19.9) 1.000

CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; KPS, Karnofsky Performance Scale; MGMT, O6-methyl guanine DNA
methyltransferase; NANO, Neurological Assessment of Neuro-Oncology; OS, overall survival; RPA, recursive partitioning analysis; WHO,

World Health Organization
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Overall survival

During the follow-up period, 70 patients (92.1%) died, and
the mean length of OS was 18.9 months (95% CI 14.1-23.7);
all patients succumbed to the disease progression of glioblas-
toma.

According to the clinical characteristics, the mean length of
OS was 24.2 months (95% CI 19.9-28.4) in patients with age
<50 years versus 15.8 months (95% CI 13.4-18.2) in patients
with age >50 years; 9.1 months (95% CI 7.1-11.1) in patients
who underwent biopsy versus 16.7 months (95% CI 13.7-
19.6) in patients who underwent STR versus 23.1 months (95%
CI 19.5-26.8) in patients who underwent GTR; 31.7 months
(95% CI 26.2-37.1) in patients with RPA class III versus 17.0
months (95% CI 14.9-19.1) in patients with RPA class IV ver-
sus 10.8 months (95% CI 8.4-13.2) in patients with RPA class
V;20.7 months (95% CI 17.5-23.9) in patients with methylat-
ed MGMT gene promoter versus 14.8 months (95% CI 12.4-
17.1) in patients with unmethylated MGMT gene promoter
(Table 4).

In terms of the performance status, mean length of OS was
23.7 months (95% CI 14.8-32.6) in patients with KPS score
>80 versus 13.9 months (95% CI 9.8-18.1) in patients with
KPS score <80; 19.8 months (95% CI 14.8-24.8) in patients
with ECOG/WHO performance status 0-1 versus 16.8 months
(95% CI 9.2-24.1) in patients with ECOG/WHO performance
status 2-5; 25.2 months (95% CI 17.5-23.9) in patients with
NANO scale score 0-7 versus 12.4 months (95% CI 12.4-
17.1) in patients with NANO scale score 8-23 (Table 4).

In the univariate analysis, the age of patients, extent of sur-
gery, RPA class, and methylation status of the tumor were as-
sociated with OS. The performance status was also associated
with OS, which was assessed by all the methods including the
KPS score (p=0.041), ECOG/WHO performance status (p=
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0.047), and NANO scale (p=0.023) (Table 4). However, the sex
(p=0.372) and adjuvant therapeutic modality after surgery
(p=0.217) were not associated with OS.

Multivariate analysis of the factors associated with
overall survival

All variables found to be statistically significantly associated
with OS of glioblastoma patients in the univariate analyses were
examined in a multivariate analysis. All factors which were as-
sociated with OS in the univariate analysis were also associated
with OS in the multivariate analysis independently; age <50
years (vs. age =50 years, p=0.011), GTR (vs. STR, p=0.043),
resection (vs. biopsy, p=0.008), RPA class III (vs. class IV or V,
p=0.004), RPA class IV (vs. class V, p=0.039), and methylated
MGMT gene promoter (vs. unmethylated MGMT gene pro-
moter, p=0.025) were statistically significantly associated with
longer OS (Table 5). The Kaplan-Meier survival curve analysis
and log-rank test also showed the same results (Supplementary
Fig. 1 in the online-only Data Supplement).

Regarding the performance status, the KPS score >80 (vs.
score <80, p=0.024), ECOG/WHO performance status of 0~1
(vs. score of 2-5, p=0.047), and NANO scale score of 0-7 (vs.
score of 8-23, p=0.020) were also associated with longer OS in-
dependently (Table 5). The Kaplan-Meier survival curve analy-
sis and log-rank test indicated the same results (Fig. 1).

Interestingly, at the time of progression, several factors,
which were associated with longer OS at the time of initial di-
agnosis, were not found to be associated with longer OS; age
<50 years (vs. age >50 years, p=0.352), GTR (vs. STR, p=0.208),
RPA class IV (vs. class V, p=0.413), and methylated MGMT
gene promoter (vs. unmethylated MGMT gene promoter, p=
0.117). Although the performance status was still associated
with the OS even at the time of progression, the ECOG/WHO

Table 5. Multivariate analysis for the factors predicting longer overall survival (Cox regression model) at the time of initial diagnosis of glio-

blastoma
Variables Hazard ratio 95% CI p value

Age (<50 yrs vs. >50 yrs) 2,942 2.044-3.839 0.011
Surgical extent

(STR and GTR vs. Bx) 3.101 2.416-3.786 0.008

(GTR vs. STR) 1.894 1.182-2.606 0.043
RPA class

(M vs. IV-V) 3.345 2.385-4.305 0.004

(IVvs. V) 1.828 1.227-2.429 0.039
Methylation status of MGMT gene promoter (methylated vs. unmethylated) 2435 1.685-3.185 0.025
KPS score (>80 vs. <80) 2.502 1.593-3.421 0.024
ECOG/WHO performance status (01 vs. 2-5) 1.691 1.091-2.307 0.047
NANO scale (0-7 vs. 8-23) 2.763 1.704-3.822 0.020

Bx, biopsy; CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; GTR, gross total resection; KPS, Karnofsky Performance
Scale; MGMT, O6-methyl guanine DNA methyltransferase; NANO, Neurological Assessment of Neuro-Oncology; RPA, recursive partition-

ing analysis; STR; subtotal resection; WHO, World Health Organization
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Fig. 1. Kaplan-Meier survival curves according to the performance status associated with overall survivals. A: KPS (=80 vs. <80). B: ECOG/
WHO performance status (0 vs. 1 vs. 2). C: NANO scale (0-7 vs. 8-23).

Table 6. Multivariate analysis for the factors predicting longer overall survival (Cox regression model) at the time of progression of glioblas-

toma
Variables Hazard ratio 95% CI p value

Age (<50 yrs vs. =50 yrs) 1.326 0.759-1.893 0.352
Surgical extent

(STR+GTR vs. Bx) 2.443 1.261-3.625 0.027

(GTR vs. STR) 1.543 0.885-2.201 0.208
RPA class

(I vs. IV+V) 2.517 1.436-3.598 0.021

(IVvs. V) 1.229 0.704-1.754 0.413
Methylation status of MGMT gene promoter (methylated vs. unmethylated) 1.402 0.963-1.841 0.117
KPS score (=80 vs. <80) 2.007 1.313-2.701 0.035
ECOG/WHO performance status (0~1 vs. 2-5) 1.321 0.810-1.832 0.143
NANO scale (0-7 vs. 8-23) 3.182 1.993-4.371 0.002

Bx, biopsy; CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; GTR, gross total resection; KPS, Karnofsky Performance
Scale; MGMT, O6-methyl guanine DNA methyltransferase; NANO, Neurological Assessment of Neuro-Oncology; RPA, recursive partition-
ing analysis; STR; subtotal resection; WHO, World Health Organization

performance status (p=0.143) were not associated with the OS Inital diagnosis Progeession

but a KPS score >80 (vs. <80, p=0.035) and NANO scale score ; L

of 07 (vs. score of 8-23, p=0.002) were associated with lon- Performance scales

ger OS. In terms of the HR, it increased from 2.763 (95% CI L KPS score <o 2:;02 <ir ‘_OO%
1.704-3.822) at the time of initial diagnosis to 3.182 (95% CI

1.993-4.371) at the time of progression only in the NANO ;effg rorf;/nvcve}igms <> 1.691 o> 1321

scale score (Table 6). The HR of the NANO scale (3.182) was

higher than that of the KPS score (2.007), which meant that the 3. NANO scale i %‘7633 D 3182
NANO scale had the stronger association with the OS than o1 2 3 4 0 1 2 3 4

the KPS (Fig. 2). HR HR

Fig. 2. HR estimated by the multivariate analysis for predicting
factors associated with longer overall survival using a Cox regres-
sion model at the time of initial diagnosis and progression of glio-
blastomas. ECOG, Eastern Cooperative Oncology Group; KPS,
Karnofsky Performance Scale; NANO, Neurological Assessment
of Neuro-Oncology; WHO, World Health Organization; HR, hazard
ratio.

DISCUSSION

In clinical practice, it is not unusual for neuro-oncologists to
encounter glioblastoma patients with a high KPS score who do
not survive longer than those with a low KPS score during con-
ventional treatment under similar systemic conditions. There- blastoma patients. The result of this retrospective study is the
first to report that the NANO scale has a stronger power for
predicting the prognosis of glioblastoma patients than that of

the KPS, especially during tumor progression.

fore, it is natural for neuro-oncologist to postulate whether
KPS—a strong and well-established prognostic factor for sur-
vival—can reflect the true status of the performance of glio-
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In fact, over the past decade, there has been a growing con-
sensus that the lack of reliable and widely accepted tools to as-
sess the response of treatment and clinical trial end points is a
limiting factor in the identification of more effective therapies
in neuro-oncology. To define the good or poor response and
progression of brain tumor to the neuro-oncological treatment,
the predominant method for assessment is contrast-enhancing
conventional T1-weighted MRI according to the Macdonald
criteria [19]. However, the degree of enhancement can be influ-
enced by a variety of neuro-oncology-related factors, including
corticosteroid use, imaging technique (1.5T vs. 3T, or dose and
timing), surgical injury, inflammation, ischemia, edema, infec-
tion, seizures, and radiation injury. Increases in contrast en-
hancement, which is triggered by nontumoral events, can in-
correctly be interpreted as progression (e.g., pseudo-
progression). Decreases in contrast enhancement, for example,
by a modification of the blood-brain barrier permeability, can
be incorrectly interpreted as a response (e.g., pseudo-re-
sponse). Even some tumor growth can be non-contrast-en-
hancing and not detected by conventional MRI [20].

Currently, there are the efforts to improve the response as-
sessment in neuro-oncology clinical trials, including those led
by the RANO working group [21,22], as well as some of the
remaining challenges. The RANO working group is an inter-
national collaboration of neuro-oncologists, medical oncolo-
gists, radiation oncologists, neurosurgeons, neuroradiologists,
and regulatory groups commissioned to develop objective
and tumor-specific response criteria for various tumor sub-
types. In fact, the Macdonald criteria and RANO criteria usu-
ally define the radiologic parameters to classify therapeutic out-
come among brain tumor patients rather than the functional
parameters. While both radiological scales specify that clinical
status must be incorporated in the overall assessment, neither
scale provides specific parameters to do so. Furthermore, both
scales had prioritized clinical status over radiology in that a re-
sponse to it requires at least a stable clinical status, while clini-
cal status is sufficient to declare disease progression. As a part
of these efforts, the NANO scale is considered as the new meth-
od assessing the response of the treatment in terms of a neuro-
logical view rather than a radiological one [22]. Although the
NANO scale contains a more detailed domain to assess the per-
formance status of the brain tumor patients than KPS does, in-
ter-observer or intra-observer discrepancy can occur because
this method should be tested by an individual observer. For an
objective scale of neurologic function to be useful as an out-
come measure, the key requirements include that it should:
1) readily detect changes in neurologic function in response to
treatment and disease progression and 2) exhibit adequate in-
ter-observer agreement. Demonstration of acceptable inter-
observer variability also provides reassurance that the levels of

JLeeetal.

functioning specified for each domain are clearly defined by
the scale [13].

Although our study suggests a meaningful role of the NANO
scale in predicting the prognosis of glioblastoma patients, we
note several important limitations. First, the retrospective na-
ture of the analysis in the present study is its main limitation. We
attempted to partially mitigate this bias by extracting the patient
data from complete medical and radiological records and by
including patients who were treated with a similar treatment
protocol such as surgical resection followed by adjuvant che-
motherapy and/or radiotherapy. In fact, 13 patients among total
91 glioblastoma patients during the period were excluded in
this analysis due to insufficient medical records with inability to
assess the domain of performance status consisting NANO
scale. Despite these efforts, however, the conclusions drawn
from our study need further validation through prospective
and randomized clinical trials. Second, the validation for cor-
recting the inter-observer disagreement was not performed.
The neurological assessment by the review of the medical re-
cord was performed by three investigators (Park SH, Lee J, and
Kim YZ), which could reduce the risk of the inter-observer
disagreement. If there was a discrepancy between the investi-
gators, they discussed the cause and determined the optimal
scores. Third, the present study showed the neurological out-
come of the glioblastoma patients using the NANO scale only.
However, this assessment of neurological function does not
contain the domain of performance status. Other important
domains for neurological assessment can be considered as fol-
lows [13]: symptom assessment by the MD Anderson Symp-
tom Inventory Brain Tumor Module (MDASI-BT), quality of
life assessment by the European Organisation for Research and
Treatment of Cancer Quality of Life Questionnaire (EORTC
QLQ-C30), EORTC QLQ-BN20 (specially for brain tumor pa-
tients), or the Functional Assessment of Cancer Therapy-Brain
(FACT-Br), and neurocognitive assessment by the Mini-Men-
tal State Examination (MMSE), Wechsler Adult Intelligence
Scale-Revised (WAIS-R), Hopkins Verbal Learning Test-Re-
vised (HVLT-R), Trail Making Tests (TMT), or Controlled
Oral Word Association (COWA). Fourth, the relatively small
number of patients and the data from single institute could be
thought to be insufficient to have a strong statistical power.

In the present study, we investigated the prognostic role of
the NANO scale as a new method to assess the performance
status in glioblastoma patients retrospectively. We found that
the performance status estimated by the NANO scale was sig-
nificantly associated with OS. Moreover, we demonstrated that
the NANO scale was a more powerful method to predict the
prognosis of glioblastoma patients than the KPS in estimating
the performance status during both initial diagnosis and dis-
ease progression. Our data were further validated by showing
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that the traditionally well-known prognostic factors such as
age, surgical extent, and methylation status of MGMT gene pro-
moter were also independently associated with the prognosis
of glioblastoma patients. Therefore, these results can help in
clinical trials enrolling glioblastoma patients to utilize the
NANO scale to assess the performance status of these patients
rather than the other assessment scales. However, the conclu-
sions drawn from our study needs further validation through
prospective and randomized clinical trials in multiple insti-
tutes.
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