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Background: IDH-wild-type glioblastoma (GBM) is the most frequent brain-derived
malignancy. Despite intense research efforts, it is still associated with a very poor
prognosis. Several parameters were identified as prognostic, including general physical
performance. In neuro-oncology (NO), special emphasis is put on focal deficits and
cognitive (dys-)function. The Neurologic Assessment in Neuro-Oncology (NANO) scale
was proposed in order to standardize the assessment of neurological performance in NO.
This study evaluated whether NANO scale assessment provides prognostic information in
a standardized collective of GBM patients.

Methods: The records of all GBM patients treated between 2014 and 2019 at our facility
were retrospectively screened. Inclusion criteria were age over 18 years, at least 3 months
postoperative follow-up, and preoperative and postoperative cranial magnetic resonance
imaging. The NANO scale was assessed pre- and postoperatively as well as at 3 months
follow-up. Univariate and multivariate survival analyses were carried to investigate the
prognostic value.

Results: One hundred and thirty-one patients were included. In univariate analysis, poor
postoperative neurological performance (HR 1.13, p = 0.004), poor neurological
performance at 3 months postsurgery (HR 1.37, p < 0.001), and neurological
deterioration during follow-up (HR 1.38, p < 0.001), all assessed via the NANO scale,
were associated with shorter survival. In multivariate analysis including other prognostic
factors such as the extent of resection, adjuvant treatment regimen, or age, NANO scale
assessment at 3 months postoperative follow-up was independently associated with
survival prediction (HR 1.36, p < 0.001). The optimal NANO scale cutoff for patient
stratification was 3.5 points.

Conclusion: Neurological performance assessment employing the NANO scale might
provide prognostic information in patients suffering from GBM.
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INTRODUCTION

IDH-wild-type glioblastoma (GBM) is the most common brain-
derived malignancy. Due to its high mitotic activity,
neoangiogenesis, and highly infiltrative behavior, it is classified
as WHO grade four (1). GBM accounts for 14.5% of all primary
brain tumors and is more commonly diagnosed in men.
Moreover, the median age at first diagnosis is 65 years and the
12-month survival is poor with around 42.8% (2). Standard
therapy includes maximum safe resection and adjuvant
radiochemotherapy up to 60.0 Gy with concomitant
temozolomide, followed by 6 cycles of temozolomide alone
(3, 4). Several parameters were identified as influential on
patient survival, including tumor location (5), extent of
resection (6), age at date of diagnosis (7), O6-methylguanine-
DNA methyltransferase (MGMT) promoter methylation (8),
and clinical performance (4). Here, the Karnofsky Performance
Score (KPS) is commonly used to assess the overall physical
status as well as to monitor possible tumor progression via a
decrease of clinical performance (9, 10). Moreover, poor or
worsened overall neurological performance (11–14) and
isolated motor or language deficits might be associated with
decreased overall survival (15, 16). In order to address this rising
evidence and to standardize the evaluation of neurological
performance, the Neurologic Assessment in Neuro-Oncology
(NANO) scale was created (17). It was shown to predict overall
survival in GBM patients more precisely than comparable
performance scales (18, 19). However, previous works are
limited by inconsistent therapy regimen within the investigated
patient cohorts. Hence, this study was designed to evaluate the
independent, prognostic value of neurological performance
assessed via the NANO scale at different points of follow-up
when the abovementioned clinical and radiological factors are
considered within a standardized GBM patient collective.
METHODS

Patient Selection and Treatment
Data collection and analysis were approved by the Ethical
Committee of the Medical Faculty, University of Leipzig (No.
144/08-ek). The database of Leipzig University Hospital was
searched for all patients with new diagnosis of IDH-wild-type
glioblastoma between 2014 and 2019. Inclusion criteria were age
over 18 years, at least 3 months postoperative follow-up, and
preoperative and postoperative cranial magnetic resonance
imaging within 72 h after surgery. Due to the selection criteria,
patients with an overall survival less than 3 months or further
therapy at another facility were excluded. All cases were
discussed in a weekly, interdisciplinary tumor board and
Abbreviations: 95 CI, 95% confidence interval; AUC, area under the curve; EOR,
extent of resection; GBM, IDH-wild-type glioblastoma; HR, hazard ratio; MGMT,
O6-methylguanine-DNA methyltransferase; NANO, Neurological Assessment in
Neuro-Oncology; NO, neuro-oncology; RCx, radiochemotherapy; Rx,
radiotherapy; ROC, receiver operator characteristic.
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therapy regimen was determined based on current EANO
guidelines for glioma therapy (20, 21).

Clinical, Pathological, and
Radiological Assessment
Medical records were analyzed for age at date of diagnosis, sex,
and adjuvant therapy regimen. The date of diagnosis was set as the
date of surgery after neuropathological proof of glioblastoma.
Histopathological diagnosis and immunohistochemical status
were extracted from neuropathology reports. IDH-mutation status
and MGMT promoter methylation of all GBM samples were
determined using immunohistochemistry and pyrosequencing or
nucleic acid amplification followed by pyrosequencing. According
to Quillien et al., the MGMT promoter methylation status
was dichotomized into positive (≥12%), negative (<12%), or
unknown (22).

Overall survival (OS) was defined as the time between the date
of neurosurgery and the date of death. The date of death, if not
provided by our hospital database, was collected from the Leipzig
Cancer Registry. Dates were assessed on May 31, 2021. If death
did not occur by then or if patients were lost to follow-up, the
date of last contact to our department was integrated into
statistical analysis as censored value.

Tumor location and extent of resection (EOR) were
retrospectively determined revising perioperative MRI T1
sequences with and without contrast. Volumetric assessment
was manually carried out employing the iPlan Cranial software
(version 3.0.5, Brainlab AG, Munich, Germany). If a needle
biopsy was performed, EOR was set as 0%.

Assessment of Neurological
Performance Status
All patients appointed to our department are examined based on
a standardized procedure including general symptoms, cranial
nerve status, sensorimotor deficits, and other focal symptoms,
such as aphasia or behavior. Findings are routinely documented
within a physician report template. The NANO scale was then
retrospectively assessed from physician reports at the time of
hospital admission, at the time of discharge, and 3 months
postsurgery employing the NANO scale as proposed by Nayak
et al. (17). Gait, strength, ataxia of upper extremities, sensation,
visual fields, facial strength, language, level of consciousness, and
behavior sum up to a maximum of 23 points. High-scale values
represent impaired neurological performances. NANO scale
changes were calculated by subtracting preoperative scale
values from postoperative values (NANO difference 1 or time
point 1) or postoperative values from values assessed at 3 months
postoperative follow-up (NANO difference 2 or time point 2).
NANO scale differences below or equal to 0 represent a stable or
improved neurological performance and vice versa. In case of
missing data, the corresponding neurological deficit was defined
as absent and set as 0 points within NANO scale calculation.

Statistical Analysis
Statistical analysis was carried out using SPSS statistics software
version 24.0.0.2 (IBM, Armonk, NY, USA). First, the assessed
parameters were applied as continuous variables and analyzed
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via univariate Cox regression. Time-dependent receiver operator
characteristic (ROC) analysis was then performed for NANO
scale values with p-values below 0.2 from Cox regression, and the
optimal cutoff point was defined as the value that maximizes the
Youden’s index (parameter value for which sensitivity +
specificity − 1 is maximal). After NANO scale values were
dichotomized according to cutoff values, a second univariate
analysis was carried out employing the Kaplan–Meier estimate.
Finally, all continuous variables with p-values below 0.2 in
univariate Cox regression were utilized for a multivariate
analysis via proportional hazard Cox regression in order to
investigate independent statistical relevance. Non-parametric
parameters were compared with Mann–Whitney U test.

Survival rates from Kaplan–Meier analysis are given with
standard deviation, and statistical significance was calculated via
log-rank testing. Hazard ratios (HR) are provided with 95%
confidence intervals (95 CI). p-values below 0.05 were considered
statistically significant.
RESULTS

Patient Cohort
Baseline data are presented in Table 1. Within the study period,
227 patients were newly diagnosed with IDH-wild-type GBM
and 131 met the inclusion criteria for the study (a flowchart is
shown in Supplementary Figure 1). Concerning average age and
sex ratio, the cohort is comparable to larger studies (2). The
average preoperative NANO scale value was 3.3 ± 2.5 and slightly
increased up to 3.8 ± 2.7 at 3 months postsurgery, but statistical
significance was not reached (p = 0.09 by Mann–Whitney U test).
Frontiers in Oncology | www.frontiersin.org 3
NANO Scale Assessment and
Overall Survival (Univariate and
Multivariate Analyses)
In univariate Cox regression (see Supplementary Table 1), low
patient age (HR 1.03, p = 0.028), high extent of resection (HR 0.87,
p < 0.001), adjuvant radiochemotherapy (HR 0.27, p < 0.001),
positive MGMT promoter methylation status (HR 0.46, p = 0.002),
and tumor location (HR 0.42, p = 0.001) were significantly
associated with prolonged survival. Also, a low postoperative
NANO scale value (HR 1.13, p = 0.004), low NANO scale values
at 3 months postsurgery (HR 1.37, p < 0.001), and the difference
of NANO scale values after 3 months postoperative follow-up
and postoperatively (NANO time point 2, HR 1.38, p < 0.001)
had a significant influence on overall survival. Preoperative NANO
values and the difference of post- and preoperative NANO scale
values were not associated with patient survival.

A further analysis via ROC and Youden’s index calculation
revealed 3.5 scale points as the optimal cutoff for both postoperative
NANO scale values (AUC 0.706) and NANO scale values at 3
months postoperative follow-up (AUC 0.827). For NANO time
point 2, the cutoff was set at 0, with values ≤0 representing stable or
increased neurological performance and values >0 representing
decreased neurological performance, respectively. Corresponding
data were hence dichotomized and employed into Kaplan–Meier
analysis, presented in Figure 1. Here, patients with NANO scale
values below 3.5 points at 3 months postoperative follow-up (12-
month survival 85.0 ± 4.4% vs. 38.7 ± 6.9%, p < 0.001) as well as
patients with stable or increased neurological performance (12-
month survival 76.2 ± 4.4% vs. 23.1 ± 8.6%, p < 0.001) had a
significantly prolonged overall survival. Postoperative NANO scale
assessmentwas associatedwithprolonged survival butdidnot reach
significance (12-month survival 77.1 ± 5.0% vs. 47.1 ± 7.3%,
p = 0.056).

Finally, a multivariate Cox regression (Table 2) revealed that
the extent of resection, adjuvant therapy regimen, MGMT
promoter methylation status, and NANO scale assessment at 3
months postoperative follow-up (HR 1.36, p < 0.001) were
independently associated with increased overall survival.
DISCUSSION

In this retrospective study with 131 IDH-wild-type glioblastoma
patients, neurological performance, assessed using the NANO
scale, was significantly associated with overall survival in
univariate analysis (postoperative, at 3 months postoperative
follow-up) and in multivariate survival prediction (at 3 months
postoperative follow-up). The optimal NANO scale cutoff for
cohort stratification in our series was defined with ROC analysis
at 3.5 points. Moreover, patients with NANO scale progression
(worsened neurological performance) at 3 months postsurgery
suffered from significant shorter OS compared with the
corresponding subgroup. It is important to note that due to
inclusion criteria (only patients with more than 3 months
postoperative follow-up), our cohort mainly consists of “good
performers,” reflected by prolonged survival when compared
TABLE 1 | Baseline data.

No. of patients 131

Sex Male 88 (67.2)
Female 43 (32.8)

Average age (years) 65.8 ± 10.2
Tumor location Frontal 32 (24.4)

Temporal 37 (28.2)
Parietal 26 (19.8)
Occipital 8 (6.0)
Multilocular 27 (20.6)
Brainstem 1 (0.8)

Average extent of resection (%) 81.5 ± 29.8
MGMT status Positive 60 (45.8)

Negative 67 (51.1)
Unknown 4 (3.1)

Average NANO Preoperative 3.3 ± 2.5
Postoperative 3.6 ± 2.6
At 3 months postsurgery 3.8 ± 2.7

Adjuvant therapy RCx 111 (84.7)
Rx 17 (13.0)
w/o 3 (2.3)

12-month survival (%) 63.9 ± 4.4
Averages are presented with standard deviation. Percentages of absolute counts are
shown in brackets.
MGMT, O6-methylguanine-DNA methyltransferase; NANO, Neurological Assessment in
Neuro-Oncology; RCx, radiochemotherapy; Rx, radiotherapy.
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with larger studies. The issue is discussed in detail in the
succeeding paragraphs.

The influence of general fitness on the prognosis of cancer
patients is universally accepted. KPS and the Eastern Co-operative
Oncology Group score/WHO performance scale are universally
employed to evaluate the general functional status and are
recognized for cancer treatment stratification, including glioma
treatment guidelines (21, 23). Commonly, cancer-associated
cachexia, chemotherapy toxicity and cancer-associated organ
dysfunction are the main causes for an impaired general status.
The toxicity of temozolomide is relatively lowwhen comparedwith
other anticancer drugs with thrombocytopenia, neutropenia,
fatigue, nausea, and vomiting as the main adverse effects (24, 25).
Concerning patients suffering from high-grade glioma on the other
hand, neurological deterioration, including focal deficits and
cognitive impairment, is pivotal for general performance (26). A
decreased preoperative (27, 28) or postoperative (12) neurological
performance was shown to be associated with poor prognosis in
GBM patients; especially, (newly acquired) aphasia and motoric
deficits were found to impair overall survival (15, 29). Moreover, a
postoperative decrease of neurological performance has been
Frontiers in Oncology | www.frontiersin.org 4
shown to abrogate the beneficial survival effects gained through
an increased extent of GBM resection (11, 13).

All the abovementioned studies employed a non-standardized
evaluation of neurological deficits, so the NANO scale was created
to objectify clinical assessment in neuro-oncology (17). For
glioblastoma patients and in compliance with our results, it was
previously shown that NANO scale assessment is significantly
associated with patient survival in multivariate survival prediction
(19) and might predict overall survival or tumor recurrence more
specifically when compared with KPS or ECOG (18). However,
there are several limitations to both studies. First, Ung et al. did not
evaluate additional clinical and radiological parameters such as the
extent of resection, adjuvant radiochemotherapy regimen, or
patient age. A NANO scale cutoff is not provided. Second, Lee
et al. included patients outside the Stupp regimen defining the
presentfirst-line therapy algorithm for glioblastoma.The calculated
NANOscale cutoff was 7 points, probably due to an overall reduced
neurological performance at initial screening when compared with
our data (7.3 ± 3.8 vs. 3.3 ± 2.5 in our cohort). Last, both groups did
not screen for IDH-mutations and the number of eligible patients
did not exceed 80 in either study. In comparison, our data are
derived froma larger, homogeneous collective, screened for clinical,
radiological, andmolecular parameters that are consideredessential
by current glioma therapy guidelines and classification of CNS
tumors (1, 21). This allowed a more coherent interpretation of
results and might represent a more reliable database for further
projects evaluating the feasibility and prognostic value of
neurological performance assessment via the NANO scale.

Our study is limited by well-known factors inherent to all
retrospective analyses. Selection bias cannot be fully ruled out,
especially as all patients with less than 3 months postoperative
follow-up are excluded by selection criteria. The time frame was set
based on the clinical routine at our center and to allow monitoring
neurological performance via NANO scale assessment. After
receiving the histopathological diagnosis of GBM, patients are
directly admitted to adjuvant therapy, followed by 4 to 6 weeks of
neurorehabilitation, or vice versa. Hence, the first readmission
TABLE 2 | Multivariate Cox regression.

HR 95 CI p-value

Age 1.0 0.97–1.02 0.87
Extent of resection 0.91 0.88–0.99 0.03
Location 0.61 0.33–1.12 0.11
Adjuvant therapy 0.45 0.24–0.85 0.01
MGMT status 0.54 0.33–0.88 0.01
NANO preoperative 1.0 0.89–1.09 0.81
NANO postoperative 0.91 0.78–1.05 0.19
NANO at 3 months 1.36 1.19–1.57 <0.001
NANO difference 2a 1.39 0.67–2.91 0.38
95 CI, 95% confidence interval; MGMT, O6-methylguanine-DNA methyltransferase;
NANO, Neurological Assessment in Neuro-Oncology.
aDifference of NANO scale values at 3 months follow-up and postoperatively.
Statistical significance is emphasized in italicized values.
FIGURE 1 | Survival curves for subcohorts by Kaplan–Meier analysis for postoperative NANO scale (left), NANO scale at 3 months follow-up (middle), and NANO scale
difference of postoperative values and values at 3 months follow-up (right). Cutoffs for the first two diagrams were determined via ROC analysis. NANO difference 2
was dichotomized in stable/increased (≤0) or worsened (>0) neurological performance at 3 months follow-up compared with postoperative values. NANO, Neurologic
Assessment in Neuro-Oncology.
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appointment to our outpatient clinic for initiating maintenance
chemotherapy is averagely set 3 months after surgery. Naturally,
patients with an extreme short survival period or the wish for
palliative care are not recognized by the presented data (55 patients
within the study period, see Supplementary Figure 1), explaining
the prolonged 12-month survival rate shown in Table 1 when
compared with epidemiological analyses (2). This also might have
led to a false-negative non-significance of NANO time point 1
(difference of postoperative and preoperative NANO scale values)
as patients with an initial extremely poor clinical performancewere
likely to be ruled out by the study design. Neuro-oncologists should
be aware of this especially vulnerable group of patients that is
commonly ruled out in projects evaluating new treatment options.
CONCLUSION

Monitoring neurological performance via the NANO scale might
provide prognostic information independently from other well-
established clinical, radiological, or pathological factors. Special
attention should be paid when worsened neurological
performance occurs at the first outpatient appointment after
radiochemotherapy and neurorehabilitation. Prospective and
multicenter data are needed to further investigate NANO scale
assessment in glioblastoma patients, also including a comparison
to other performance scales such as KPS or ECOG.
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