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Risiko og nytte ved kirurgisk behandling av hjernesvulster —en

balansekunst

Denne avhandlingen fokuserer pa kirurgisk behandling av diffust infiltrerende gliomer som er
den vanligste formen for primere hjernesvulster. Gliomene inndeles i lavgradige og
hoygradige, hvorav de haygradige er mest aggressive, hurtigvoksende og vanligst
forekommende. Effekten av kirurgi er omdiskutert for bade lavgradige og heygradige
gliomer. Effektmalene etter svulstkirurgi i hjernen har tradisjonelt vaert dedelighet og
sykelighet relatert til inngrepet, pasientens funksjonsniva, progresjonsfri overlevelse eller total
overlevelse. I denne avhandlingen har man forsekt & belyse effektene av kirurgi pa en ny

mate.

I den forste studien brukte vi Det Norske Kreftregisteret for a se pa risiko for ded de forste 30
dagene etter operasjon for hjernesvulster, en mye brukt kvalitetsindikator som blant annet
brukes for & sammenligne kirurgiske teknikker og sykehus med hverandre. Vi fant at denne
indikatoren trolig er mindre egnet enn ofte antatt pd grunn av lav frekvens av hendelser, noe
som vanskeliggjor meningsfulle statistiske sammenligninger. Den viktigste risikofaktoren for
tidlig ded etter kirurgi er sannsynligvis sykdommens prognose, noe som igjen medforer at

pasientutvalget, det vil si hvem man opererer, betyr mest for risikoen for perioperativ ded.

De to neste studiene omhandler pasientrapporterte endepunkt, noe som forelepig er en ganske
uvanlig som effektmal ved hjernesvulstkirurgi. Vi brukte det enkle sperreskjemaet EuroQol
5D (EQ-5D) for og etter operasjonen, og fant ut at EQ-5D korrelerer godt med funksjonsnivé
rapportert av helsepersonell. En slik enkel bedemning kan gi et godt og kirurguavhengig bilde
av forholdet mellom nytte og risiko vurdert av pasientene selv, og et tidlig fall i livskvalitet

etter operasjon virker & veere assosiert med darligere overlevelse.

Den siste studien omhandlet kirurgisk behandling av lavgradige gliomer. Den kirurgiske
tilnaermingen til slike svulster har grunnet mangel pa gode studier variert mye mellom sentra,
og sarlig har man sett reservasjon mot kirurgi der svulstene har berert omréder i hjernen som
man oppfatter som ekstra folsomme (for eksempel i sprdkomradene). Ved & sammenligne to
populasjoner som ble handtert svart ulikt med tanke pa kirurgisk tilneerming har vi fatt til den

forste kontrollerte studien pé kirurgisk behandling av lavgradige gliom. Denne viser at en



tilneerming hvor man tidlig fjerner s mye som mulig av svulsten er & foretrekke fremfor kun

a ta en vevspreve og vente med kirurgi til fremtidig svulstvekst ses pd MR.
Hovedfunnene i denne avhandlingen er:

- Hjernesvulsters langtidsprognose er en sterk prediktor for ded innen 30 dager etter
kirurgi. Forskjeller i pasientseleksjon, samt den lave forekomsten av perioperativ
ded ved hjernesvulstoperasjoner, er til hinder for palitelige sammenlignende

studier.

- Helserelatert livskvalitet malt med EQ-5D synes & vere & veare et bra endepunkt i
forskning pé pasienter med gliom i hjernen. EQ-5D har sterk korrelasjon til
tradisjonelle effektmal, men bidrar med pasientsentrert tilnerming og er mer

nyansert enn tradisjonelle endepunkt.

- Nevrologiske utfall etter kirurgi har en markant negativ effekt pa livskvalitet hos

pasienter med gliom i hjernen.

- Tidlig reduksjon i livskvalitet etter kirurgi predikerer dérligere overlevelse etter

kirurgi for den mest hoygradige gruppen gliomer (glioblastomer).

- Tidlig kirurgisk reseksjon gir lengre overlevelse sammenlignet med biopsi og
péafelgende ekspektans hos pasienter med lavgradige gliom. Initial

behandlingsstrategi ved lavgradige gliom ber oftest vere tidlig kirurgisk reseksjon.
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Risks and benefits of brain tumor surgery — a balancing act

The original research presented in this thesis focuses on surgical management of diffuse
gliomas which are the most common primary tumors within the brain. The gliomas are
subdivided into low-grade and high-grade, and the latter are most aggressive and most
prevalent. Both in low-grade and high-grade gliomas the optimal surgical management
remains controversial. The usual outcome parameters in intracranial tumor surgery have been
perioperative mortality and morbidity, patients’ functional level, progression free survival,
and overall survival. In this thesis efforts have been made to illuminate the effects of surgery

in new ways.

In the first study we used the Norwegian Cancer Registry to assess the risk of death within 30
days after surgery for intracranial tumors. This indicator is often used to compare surgical
techniques and hospital quality. We demonstrated that this indicator is probably of less value
than often thought due to the low frequency of events which make meaningful statistical
comparisons difficult. The most important factor for perioperative mortality is the inherent
prognosis of the disease. This makes the patient selection the most important predictor for

perioperative mortality.

In the two next studies we explored patient reported outcomes, a still rather uncommon end-
point in surgical research for intracranial tumors. We used a simple generic questionnaire
EuroQol 5D (EQ-5D) before and after surgery and demonstrated that EQ-5D is closely
correlated to functional level as reported by healthcare personnel. Thus, this simple
assessment gives a good and surgeon independent evaluation of benefit-risk ratio as evaluated
by patients themselves. In addition, a decline in patient reported health shortly after surgery

seems associated with impaired survival.

The last study examined the surgical management in low-grade gliomas. The surgical
management in these patients has been subject to much debate and management differs
considerably due to lack of clarifying studies. Lesions involving regions perceived critical for
neurological function has been particular controversial. By comparing two population based
cohorts of low-grade gliomas subject to radically different surgical strategy we have achieved

to produce the first comparative study on surgical management in patients with low-grade



gliomas. In this study we demonstrate that initial resection is superior to biopsy and

subsequent watchful waiting with respect to overall survival.

This thesis investigated risks and benefits in surgical treatment of brain tumors and the

following conclusions can be drawn:

- Overall prognosis is a strong predictor of perioperative death. Differences in
patient selection, and the low incidence of perioperative death in intracranial tumor
surgery, greatly limit comparative analyses.

- EQ-5D seems like a good outcome measure in patients with intracranial glioma
with its strong correlation to traditional variables while being patient centered and
more nuanced.

- Surgically acquired deficits have a major undesirable effect on quality of life in
patients with intracranial glioma.

- Early deterioration in quality of life after surgery is associated with impaired
survival in patients with the most aggressive gliomas (glioblastoma).

- Aninitial strategy with resection improves survival as compared to biopsy and
subsequent watchful waiting. Resection should be the initial treatment option in

most patients with low-grade gliomas.
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Errata

In paper IV we erroneously cited the old version of the WHO classification system from 2000
when we intended to cite the newer version from 2007 which is cited in this thesis (citation
#1). Also, in paper IV table 1 the percentages representing “men” should in fact be “women”,

thereby giving the false impression that LGG was more common in women than in men.



Acknowledgements

The research presented in this thesis was performed during my residency at the Department of
Neurosurgery, St. Olavs Hospital in the period from 2009-2012. Financial support was

provided from MI Lab, Norwegian University of Science and Technology.

I am very thankful for the support from my supervisors, Professor Geirmund Unsgard and Dr.
Ole Solheim. Without their good ideas and enthusiasm this work would never have been
completed. I am also grateful for being part an interdisciplinary research group, and special
thanks to Tormod Selbekk for creating a good research atmosphere. I also want to show my
gratitude to all co-authors in the projects I have been involved so far; particularly Dr. Kristin
S. Myrmel, Dr. Roar Kloster and Professor Sigurd Lindal from University Hospital of
Northern Norway and Professor Sverre H. Torp at Norwegian University of Science and

Technology for helping me in a labor intensive research project between institutions.

Many good colleagues have contributed to this work in various ways and I would like to
thank: Dr. Johan Cappelen for clinical inspiration and encouragement, Dr. Oddrun Fredriksli
for clinical supervision, Lisa M. Sagberg for following up my research projects and Dr. Ole
K. Losvik for numerous last-minute help with layout. I am also very grateful for the good and
fairly productive collaboration with Dr. Sasha Gulati. [ am thankful to everyone at the
Department of Neurosurgery, St.Olavs University Hospital for understanding my occasional

absence in the clinical work and for the contribution all have made to my research projects.

I am also indebted to my family for teaching me to appreciate the important things in life and
for always accepting my restlessness. Most of all I am deeply grateful to Caroline for
supporting me even though it meant late hours in my own world instead of contributing to the
ever educational talks we have together. After the arrival of our wonderful daughter Ines, I

realize that this period was only a small speed bump on the long journey we have started on.
Trondheim, December 2012

Asgeir Store Jakola



10



List of Publications

1. Incidence and causes of perioperative mortality after primary surgery for intracranial
tumors: a national, population-based study. Solheim O, Jakola AS, Gulati S,
Johannesen TB. Journal of Neurosurgery. 2012;116(4):825-834.

2. Quality of life in patients with intracranial gliomas: the impact of modern image-
guided surgery. Jakola AS, Unsgard G, Solheim O. Journal of Neurosurgery.
2011;114(6):1622-1630.

3. Postoperative Deterioration in Health Related Quality of Life as Predictor for Survival
in Patients with Glioblastoma: A Prospective Study. Jakola AS, Gulati S, Weber C,
Unsgard G, Solheim O. PL0S ONE. 2011;6(12):¢28592.

4. Comparison of a Strategy Favoring Early Surgical Resection vs a Strategy Favoring
Watchful Waiting in Low-Grade Gliomas. Jakola AS, Myrmel KS, Unsgard G,
Kloster R, Torp SH, Lindal S, Solheim O. JAMA. Oct 25 2012:1-8 (online first).

11



12



Abbreviations

5-ALA = 5-aminolevulinic acid
CT = Computer-assisted tomography

DTI = Diffusion Tensor Imaging

EORTC = European Organisation for Research and Treatment of Cancer

EQ-5D = EuroQol 5D

FLAIR = Fluid attenuated inversion recovery (an MRI sequence)

fMRI = Functional Magnetic Resonance Imaging

GBM = Glioblastoma multiforme
HGG = High-grade glioma

HR = Hazard ratio

HRQL = Health-related quality of life
LGG = Low-grade glioma

KPS = Karnofsky Performance Status
MRI = Magnetic Resonance Imaging
mRS = Modified Rankin Scale

PET = Positron emission tomography
PFS = Progression-free survival

PRO = Patient reported outcome
QOL = Quality of life

RPA = Recursive partitioning analysis
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Introduction

Classification of gliomas

Gliomas arise from glial supportive tissue of the brain including astrocytes, oligodendrocytes,
or ependymal cells." The astrocytic tumors represent the majority of the gliomas and the
World Health Organization (WHO) classifies astrocytomas on the basis of histologic features
into four prognostic grades:' grade I (pilocytic astrocytoma), grade II (diffuse astrocytoma),
grade III (anaplastic astrocytoma), and grade IV (glioblastoma). The diffuse LGGs encompass
diffuse grade II astrocytomas, oligodendrogliomas and oligoastrocytomas (mixed). Pilocytic
astrocytoma is by definition a LGG, but they are most often looked upon as a separate entity
due to the non-infiltrating and benign behavior. The diffuse LGGs (WHO grade II) tend to
recur with time and the histological grading is often more malignant at time of progression.
The grade I1I and grade IV tumors are collectively often named HGGs. Thus, it is common to

consider the diffuse gliomas as a continuum rather than completely separate entities.

Perhaps as a consequence of being a continuum rather than distinct entities the tissue
diagnosis of diffuse LGGs and anaplastic astroctytomas is associated with considerable
interobserver variation.” Discordant results as high as 60 % was demonstrated for grade II
astrocytomas, but most were of minor significance from a clinical point of view. Because of
this it is important to take the necessary precautions to reduce classification bias in research

on diffuse LGGs.

Epidemiology of gliomas

The incidence of gliomas is reported to be 6/100,000 persons per year.’ High-grade gliomas
are most common with approximately 5/100,000 persons per year affected with GBMs

accounting for approximately 70 %.* Low-grade gliomas are less common than HGGs with
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approximately 0.8 — 1.2/100,000 per year and LGG accounts for 15 % of primary brain
tumors in adults.>® Except for ionizing radiation there are no established correlations between

environmental factors and the development of gliomas.”

Clinical features and related imaging

Patients with gliomas most often seek medical advice due to alterations of neurological
functions (i.e. speech, movement, vision and cognition), seizures or due to increased
intracranial pressure (i.e. headache, vomiting, or affected consciousness). Rarely, although
increasing with the widespread access to modern neuroimaging, patients receive the diagnosis

after imaging due to an unrelated condition.

On MRI the HGGs usually present with heterogeneous contrast enhancement in a ring-like
pattern in T1 images.* Glioblastomas usually have a central core which is non-enhancing
representing necrosis as the tumor has outgrown its blood supply and due to microthrombosis
in tumor vessels. Also, glioblastomas usually present with more peritumoral edema than the

anaplastic gliomas, a feature best appreciated on MRI in T2-weighted or FLAIR sequences.”

Diffuse LGGs appear hyperintense on T2-weighted or FLAIR MRI sequences, and in contrast
to HGGs little or no edema is present. Evidence of hemorrhage and calcifications are more
common in oligodendrogliomas.” Lesions usually extend along white matter tracts and it is
not uncommon with growth in corpus callosum and even into the contralateral hemisphere.*’
Rarely diffuse LGG involves three or more lobes and is then termed gliomatosis cerebri, and
although histopathologically a grade II tumor the widespread disease is associated with a
worse prognosis. Contrast enhancement when present is usually patchy and occurs in 15-39 %
of cases with diffuse LGG.” Areas of particular interest that could go unnoticed with the use
of conventional methods only can be detected by metabolic imaging where focal hot spots
may represent areas of malignant degeneration. Such imaging may be particular important for

representative sampling within a heterogeneous tumor, that again could lead to a lower

number of contrast enhancing tumors in the “true” diffuse LGG population.10
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Figure 1

MRI of typical low-grade glioma. To the left is a T2-weighted axial image demonstrating
hyperintense signal in the left frontal lobe. To the right is the corresponding coronal FLAIR
image. Contrast enhanced T1-images did not demonstrate any contrast enhancement. The
patient underwent complete resection of the tumor and the histopathology concluded with

oligoastrocytoma, WHO grade 1.

The tumors’ anatomical relationship to so-called eloquent brain regions can be suggested
from preoperative MRI. The term eloquent is somewhat ill-defined, but a common
interpretation is that sensorimotor regions, language cortices, visual cortex, basal ganglia
and/or larger white matter tracts represent eloquent regions.'' Since these regions have critical
role for basic neurological function, the involvement of tumor in these regions often influence
treatment strategies. To grade the lesions proximity to these regions a classification system
was proposed by Sawaya et al, and this is perhaps the most common way to grade eloquence
from an anatomical point-of-view (table 1).'* As seen, grading eloquence even with the use of

a classification system is subject to interpretation, especially for the intermediate group.
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Table 1: Grading of eloquence in according the system suggested by Sawaya

Grade 1; non-eloquent brain

Grade 2; intermediate

Grade 3; eloquent brain

Frontal or temporal polar

Near motor or Sensory arca

Motor/sensory area

Right parietooccipital

Near visual area

Visual area

Cerebellar hemispheric

Near speech center

Speech center

Near dentate nucleus Internal capsule

Near brain stem Basal ganglia

Hypothalamus/thalamus

Dentate nucleus

Brain stem

Modern neuroimaging with fMRI for identification of cortical functions and DTI to identify
the course of white matter tracts is increasingly used in planning of brain tumor surgery.
Using these techniques areas important for movement, vision and language functions can be
visualized and incorporated into the neuronavigation system for guidance during surgery.*"*
This is a useful technique since it reveals the relationship between the tumor and these critical
structures. At neurosurgical department, St. Olavs University Hospital we have used a
strategy combining import of fMRI and DTI data into a navigation system with intraoperative
3D ultrasound." In our experience, the eloquent areas visualized with fMRI and DTI usually
lie outside the tumor margins visualized by ultrasound in patients without neurological
deficits. Resections were performed according to these tumor margins in the 3D ultrasound
images, with particular care in areas neighboring eloquent areas. To correct for the brain shift
caused by the resection, the 3D ultrasound acquisition was repeated several times during the
operation. Other commonly used methods for achieving extensive resections while preserving
neurological functions postoperatively are intraoperative MRI,'* fluorescence (5-ALA)," and

. . . 16,1
the use of various mapping techniques.'®!’
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Figure 2

Images from a typical glioblastoma. The images are from the neuronavigation system. The
preoperative MR images are presented above with corresponding intraoperative ultrasound

images below (acquisition taken before resection).

For surgical planning and treatment monitoring modern MRI techniques are increasingly
utilized.® Perfusion MRI adds information on angiogenesis that again correlates with WHO
grade, diffusion weighted sequences adds information on cellularity, and tumor metabolism is

visualized by MR spectroscopy and MR PET using radiolabelled tracers. %1817

The most common presentation of diffuse LGG is seizures occurring in about 60-80 % of
patients.**" Occasionally patients with LGG are diagnosed when seeking medical advice for
unrelated conditions and this occurs in about 2-10 % of cases.?'*> However, with the
increased use of modern neuroimaging this number is expected to increase slightly in the time
to come. Incidental diffuse LGGs are reported to be smaller and with a better prognosis than

21,22

the symptomatic LGGs, a finding that may be linked to an earlier diagnosis per se (lead

time bias).
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In HGG the clinical presentation may be a true medical emergency with increased intracranial
pressure leading to impaired consciousness. The mass effect caused by the tumor and its

surrounding edema can in most cases effectively be relieved with surgery and corticosteroids.

Prognostic factors

Prognostic factors at time of diagnosis include patient characteristics and findings on
diagnostic imaging. There have been numerous efforts to divide the patient population into
different prognostic groups.®*** In the neurosurgical literature the controlled clinical studies,
both prospective and retrospective, are clearly in minority.** Therefore, efforts in defining
prognostic factors are meaningful to researchers in an attempt to adjust for case-mix between
studies to compare results in a reliable manner. However, clinicians and patients cannot solely
rely on such indexes when deciding among the therapeutic options since the prognostic

factors are usually too imprecise for use in individual patients.

The median survival in patients with diffuse LGG is often reported between 5 to 10 years.”” It
needs to be acknowledged that the survival time clearly depends upon prognostic groups. For
prediction of survival in diffuse LGGs the Pignatti score is much used.® Age > 40 years,
diameter > 6 cm, tumor crossing midline, neurological deficit, and astrocytoma histology
constitute the score, and one point is given for each factor present where a higher score

indicates a worse prognosis.

The median survival in HGG with modern treatment is reported to be 14 to 15 months in

2526 wyith 2-year survival of 27 % and 5-year survival of 10 %.?’ Since

randomized trials,
randomized trials consist of highly selected patients the results from real-life conditions in
unselected cases differ considerably as median survival is 9.5 months with 2-year survival of
17 % in population based data.”® For HGGs the established clinical risk-factors are age and
preoperative clinical condition, often measured with KPS.”*° A prognostic system, the RPA
classes, in HGG has been much used which includes tumor grade and treatment related factors
in addition to the prognostic pretreatment clinical characteristics.”’>'* The RPA system has
been shown to be more important for prognosis than the subsequent oncological treatment’ "

and is significantly associated with survival also in the modern era.””** To adjust for co-
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morbidity the most used score is the Charlson co-morbidity index.” Although not much
utilized in neurosurgical research, the scale seems feasible and valid.**’ The index has
demonstrated predictive capabilities for overall survival in a wide range of patient populations
including intracerebral hemorrhage®® and ischemic stroke.*” It is also suggested that modern

metabolic imaging offers prognostic information in patients with gliomas.*’

Recently it has been acknowledged that molecular markers add important prognostic
information. Most important in HGG is the presence of O6-methylguanine-DNA
methyltransferase (MGMT) promoter methylation which predicts response to the
chemotherapeutic agent temozolomide.*”*"** In oligodendroglial tumors the combined loss of

chromosomes 1p/19q represents a favorable subgroup of patients.****

Surgical strategy

The growth pattern in gliomas has generally been considered incompatible with the idea of
achieving total surgical removal of all tumor cells. Several different surgical approaches have
evolved, perhaps as a consequence of not being able to offer a cure for these patients. In
example, the range of treatment options in a typical diffuse LGG case is from serial imaging
(“watchful waiting”) to attempting for early total resection of the tumor. The most common
factors when deciding the surgical strategy include age, co-morbidity and the perceived
resectability of the tumor. Therefore, patient selection is presumably the key to achieve
excellent results, and when reading the literature it has to be remembered that uncontrolled
series have an inherent selection bias, since higher resection grades are often obtained in

patients with a better prognosis to begin with.

In HGG there is now strong evidence in favor of reaching for radical surgical resection in

selected patients.”**

However, the optimal treatment strategy for HGG patients where the
complete removal of the tumor bulk is not achievable remains controversial. Whether subtotal
resection offer a clinical meaningful survival benefit remains unclear. The survival benefit of
an aggressive strategy is likely smaller and risks may perhaps outweigh the potential benefits
from subtotal debulkings. New deficits and deterioration of HRQL postoperatively seems

associated with impaired survival,***” possibly by enhancing the invasiveness of the
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remaining tumor cells due to regional hypoxia,*® or due to withholding adjuvant oncological
treatments in functionally dependent patients.*’ Thus, aiming for gross total resection in all

HGG patients is probably an overly aggressive approach.

In diffuse LGG a review article stated that the only management option supported with strong
evidence is tissue diagnosis.50 In the years after this review several papers have reported on
the benefit of extensive resection.®>!*? However, in diffuse LGG there have been no
controlled studies providing a higher level of evidence even in recent years — although the
accumulating surgical series indicate a survival benefit with resection. The consequence of the
lack of high-quality evidence was exemplified in a recent study on management in LGG

demonstrating large differences in preferred treatment strategies.”

Adjuvant treatment in diffuse gliomas

Adjuvant therapy, in the form of chemotherapy and radiotherapy, has been extensively
studied. In the primary management of diffuse LGG the role for either is questioned.*’
Radiotherapy has been proven to delay progression, but it is not associated with prolonged
survival.”**° Thus, deferring radiotherapy until progression to reduce its long term side-
effects”’ is common practice. The exact role of chemotherapy in LGG patients is still to be
defined,” but a recent study has suggested that a regimen consisting of procarbazine,
lomustine and vincristine (commonly referred to as PCV regime) may have a role in patients
undergoing subtotal resection.”® Also, specific genetic markers (MGMT promoter methylation
and the combined loss of 1p/19q) may help to better identify a favorable subgroup of patients.
At our institution it is uncommon to offer chemotherapy as part of the first-line treatment
unless a very large remnant is left behind or the histology reveals the more aggressive

gemistocytic astrocytoma.’

In HGG the standard regime consists of temozolomide concomitant to radiotherapy.*** At our
institution a neuro-oncologist assess all patients postoperatively to evaluate if they are
candidates for radio- and/or chemotherapy. Patients are in practice evaluated for such therapy
regardless of age, and there is now strong support in favor of offering radiotherapy also to
elderly with a high functional level.”> Some claim that there is a true multimodal effect
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between adjuvant treatment and surgical therapy, meaning that the effect of adjuvant therapy

is particularly good if an extensive resection has been performed.**®!

. . . . . 2
Evidence is lacking in favor of specific treatments for recurrent tumor,** but there are now

. . . 4,63,64
several papers on the use of bevacizumab in recurrent tumors claiming modest effects.™”

Addressing the invasion

The diffuse gliomas are characterized by the widespread local invasion by migrating tumor
cells distant from the gross tumor visible on MRI, by intraoperative 3D ultrasound or in the
microscope during surgery.**®*" It is known that HGG spread along myelinated axons, along
basement membranes and subependemyma.*® This invasiveness was demonstrated already in
the early era of brain tumor surgery. In 1928 Walter E. Dandy published a report after
hemisperectomies in patients presenting with severe neurological deficits, a clinical
presentation suggesting widespread disease.®® Of the patients surviving surgery, all died of
recurrent glioma. A biopsy study from 1987 demonstrated infiltrating tumor cells well beyond
the tumor bulk, and at least as far as the edematous zone on seen on 1.5 T MRI T2 weighted
images.”” However, despite discouraging results after extensive resections there might be
some patients with less extensive disease at diagnosis that perhaps could benefit from an
aggressive surgical approach aiming for super-radical resections.* In diffuse LGG migrating
tumor cells have also been identified well beyond the tumor margins as defined by MR
However, in an attempt to halt malignant progression a more refined concept of super-radical
resection was recently described in a highly selected subgroup, an approach made possible by
modern imaging. In diffuse LGG located away from eloquent areas super-radical resections,
as defined by MRI, were guided with functional mapping. Although this was a highly selected
case-series their seemingly good results are noteworthy.”® Thus, with a targeted patient
selection and with the guidance of modern surgical tools, there might be a small role for this

approach in diffuse gliomas also in the future.

Adjuvant therapies targeting the remaining tumor cells have so far been somewhat
disappointing despite of progress with the use of temozolomide in HGG.**’ One possible

explanation for this relative radio- and chemoresistance is perhaps that the migratory cells left
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behind after surgery are different from cells in the tumor core in that they are not highly

7! Thus, some advocate the need for addressing the invasion.*® Recently there

proliferating.
was a promising report in rats when the migrating glioma cells was targeted with a substance
called imipramine blue.*® If similar results can be obtained in humans this could represent a

shift of paradigm and an emerging hope for glioma patients.

Outcome measures in glioma surgery

The traditional studies in patients with primary brain tumors are often focused on disease

related outcomes (i.e. overall survival, progression-free survival)™

and surgically related
outcomes (i.e. resection grades, new neurologic deficits, complications, and perioperative
mortality).'>">”* These measures are invaluable for understanding the impact of surgery,
improving surgical technique and for understanding the progress in neuro-oncology over time.
For instance, the surgical mortality may provide information of the surgical technique and the
pre- and postoperative care, all which are cornerstones in brain tumor surgery. In the era of
Harvey Cushing the perioperative mortality was often as high as 50 percent, but some
pioneers were able to demonstrate better results. In Cushing’s personal series of brain tumor
operations mortality was 13 percent.” The father of Norwegian neurosurgery and pioneer in

the field, Vilhelm Magnus, reported in 1925 a surgical mortality of 10.5 % in the 189 patients

with brain tumors he had operated in a period of 20-years.”

To measure outcomes from the patients’ point of view, so-called patient reported outcomes
(PROs), HRQL is much utilized in clinical research. However, in brain tumor surgery the idea
of measuring PROs is rather new, and much work is still left to be done on this topic.”*’” This
is perhaps surprising given that surgery is not a curative solution for these patients and quality
of life should be in focus. Until recently it was common to use one-dimensional scales such as
KPS (which is not a PRO) to report HRQL, but it is generally accepted that HRQL constitutes
of several dimensions including physical status, emotional and social well-being.”” There are
numerous instruments available for measuring HRQL and each have strengths and
weaknesses, but none developed specifically for assessing the results of brain surgery.

Generic instruments are usually less sensitive for the specific patient group, but allows for
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comparison between other groups. Generic instruments are usually simpler which may be of
benefit in patients having trouble with cognition. Being shorter and simpler the questionnaire
burden is reduced, thus possibly improving inclusion rates and patient compliance. Even

though PROs are subjective by nature, HRQL is presumably not unaffected by the traditional

. . . . . . . . 1-. 4678
outcome measures in brain tumor patients, i.e. disease progression or surgical morbidity.™
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Aims and Methodological Considerations

The overall aim of this thesis was to study the implications of surgery in patients with primary

brain tumors.

Paper I

Incidence and causes of perioperative mortality after primary surgery for

intracranial tumors: a national, population-based study

In this study we used the national cancer registry to study the frequency and possible
causes of surgical mortality following primary intracranial tumor operations. We also
sought to explore a possible predictive value of perioperative mortality rates from a

neurosurgical centre in relation to long-term survival.

Paper 11

Quality of life in patients with intracranial gliomas - the impact of modern image

guided surgery

In this prospective study we aimed to assess changes in HRQL after glioma surgery, to
explore the relationship between HRQL and traditional outcome parameters, and to

examine possible predictors of change in HRQL.

Paper 111

Postoperative deterioration in health related quality of life as predictor for

survival in patients with glioblastoma: a prospective study
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In this prospective study the aim was to determine if changes in HRQL was a predictor

for survival in patients with glioblastoma.

Paper IV
Comparison of a Strategy Favoring Early Surgical Resection vs a Strategy

Favoring Watchful Waiting in Low-Grade Gliomas

In this retrospective cohort study with parallel group design we studied the impact of
surgery in a population based quasi-experiment involving two centers with different

surgical treatment strategies.
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Study populations
The Norwegian Cancer Registry

Study data in Paper I was provided by the Norwegian Cancer Registry. Reports to the
Norwegian Cancer Registry have been compulsory by law since 1952. Information to the
registry comes from several independent sources, thus securing a high grade of completeness
and quality of data. A study from 2001-2005 demonstrated a 93.8% completeness of data in

all central nervous system tumors, including cases without histological verification.”

Prospective studies

In papers II and III the included patients were operated for gliomas at the department of
neurosurgery, Trondheim, Norway in the period from 2007 through 2010. Patients willing to

participate gave their written informed consent.

Population based

In paper IV we have population based inclusion from two of the four geographical health
regions in Norway, North and Mid-Norway. Population based in this context means inclusion
of all patients receiving a tissue diagnosis of LGG at two university hospitals serving
exclusively in the health regions with regional referral practice. The inclusion of the cohort

was retrospective and based on histopathology alone.

Interobserver variability

In paper IV patients were recruited from two Norwegian university hospitals. In both studies
inclusion was based on histopathology alone without any exclusion criteria (so-called
pragmatic design).*® This was a deliberate strategy to maximize external validity by reducing
assessment bias. However, when dealing with diffuse LGGs a high level of caution is
necessary since the histopathological diagnosis of diffuse LGGs is associated with
considerably interobserver variability.” To confirm diagnoses and rule out classification bias

in comparative analyses it was mandatory to conduct a review of histopathology. Patients
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with grade I and II gliomas were identified in the histopathological databases and these
patients were re-investigated by a neuropathologist from the other hospital for inclusion in the
study, blinded for the initial diagnosis and clinical characteristics’. Discordant results were
settled during a meeting between the neuropathologists where consensus was obtained by
evaluation of the slides in a multi-headed microscope. In total, 47 % of the supratentorial

tumors screened for inclusion had to be evaluated at the consensus meeting.

Quasi-experiment

Experimental studies in brain tumor surgery are very rare for several reasons, such as the low
incidence of tumors, the strong local treatment traditions, patients and surgeons unwillingness
to randomize between invasive treatments.®' In Paper IV we have had the opportunity to use a
somewhat unconventional study method. Patients with diffuse LGGs have for several years
been subject to very different treatment traditions at two adjacent Norwegian university
hospitals. In retrospect we compared results of the diverging treatment strategies. The centers
have population based referral eliminating referral bias associated with other referral patterns.
Norway has a socialized health care system with equal distribution of resources and uniform
training and licensing of health care personnel. The design with central histopathological
review ensured uniform inclusion criteria in an unbiased fashion. Thus, our study was a result
of a natural occurring and practically random experiment where patients were “allocated” to
treatment based on the residential address. Data collection was done in retrospect making it
prone to bias, and as a consequence of this we attempted to focus on the hard clinical data less
subject to interpretation by the investigators. The study, being the first controlled surgical
study in diffuse LGG provides the most convincing evidence to date on surgical decision

making in diffuse LGG.

Assessment of HRQL

EQ-5D is a generic (not developed for any specific patient group) and preference-weighted
measure of HRQL.® There are many different instruments available for measuring HRQL.
We chose to use EQ-5D in Paper II and III due to the simplicity of the instrument, to enhance

patient perception and perhaps also compliance. Generic instruments such as EQ-5D lack
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disease specific questions that may be relevant to the patient group (e.g. cognitive functions).
Generic instruments may therefore lack sensitivity to measure small benefits or negative
consequences of surgery. We decided to measure HRQL preoperatively (in most cases after
the effect of preoperatively administered corticosteroids, if relevant) and 4-6 weeks
postoperative in an attempt to measure the impact of surgery, and hopefully minimize the

effect of disease progression or subsequent therapy.

Assessment of images

Patients in Paper II — III routinely underwent 1.5 T or 3.0 T MRI scans a few days before and
within 72 hours of surgery. The assessment of tumor volume and resection grades were based
on these pre- and postoperative MRI investigations using an ellipsoid volume formula
(4/3-1r'r’r’) based on the maximum tumor diameters in the perpendicular dimensions.*® This
is a crude measure and obviously a simplification compared to the manual segmentation or
use of semi-automated software systems," but we have considered it a reasonable approach in
this context. In paper 2, an “cloquent location” was defined as cases in which fMRI or DTI
was used for mapping functional areas. In paper III — IV a validated and more reproducible

grading system for anatomical eloquence was used.'”

Limitations of studies

The main limitations in Paper I is the completeness of reporting and uncertainty of data
quality in register-based studies. However, analyzing survival is not affected by this data
quality and the large number of patients reduces impact of possible uncertainty associated

with single patients.

Paper II and III were prospective studies with the main focus being exploration of HRQL in
glioma patients. Since Paper II was the first paper on this topic with the use of EQ-5D we
explored many potential variables with a high-risk of false-positive findings (type I error).
The results from this study should therefore be considered hypothesis generating. In addition,
the high non-compliance may limit the external validity of the findings. In Paper III a less

explorative approach was used. However, the use of postoperative predictors together with
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preoperative predictors may treat the preoperative factors with unjust since more information

is clearly available in the follow-up period.

The limitation in Paper IV is mainly the retrospective data collection. Also, occasional
patients, such as elderly with considerable co-morbidity, may have been followed with “wait-
and-scan” without histopathological confirmation, although rarely in both institutions.
Unfortunately we had no information on resection grades. As we compared different
treatment strategies another potential bias is the possibility of sampling error in brain tumor
histopathology. Studies comparing the diagnostic accuracy of biopsy with resection have
reached conflicting results.** Altogether with histopathological inclusion criteria this is an
unavoidable drawback and potential criticism to any study comparing resection and biopsy.
To overcome this challenge a prospective study in suspected low-grade gliomas based on
radiographic findings would need to be conducted. It may also be argued that the threshold for
biopsy could differ between institutions and thereby recruiting more patients with worse
prognosis at one centre. However, in Norway the LGG diagnosed with imaging only is low
and stable around 0.1/100,000 per year.86 With balanced baseline data and similar incidence
rates in both geographical regions it seems unlikely that the study findings only reflect
skewed patient recruitment or the diagnostic accuracies of the two procedures. With respect to
morbidity that was the secondary end-point, the strategy with regional comparison is not the

most sensitive for detecting differences.

Ethical considerations

All studies were approved by the Regional Committee for Medical Research Ethics in Health
Region Mid-Norway.

Paper II and III were prospective and based on informed consent. The need for informed
consent was waived by the Regional Committee for Medical Research Ethics in Paper I and
V.
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Summary of Papers

Paper I

Incidence and causes of perioperative mortality after primary surgery for intracranial

tumors: a national, population-based study
Solheim O, Jakola AS, Gulati S, Johannesen TB

Journal of Neurosurgery. 2012;116(4):825-834.

Surgical mortality is a frequent outcome measure in studies of volume-outcome relationships,
and the Agency for Healthcare Research and Quality has endorsed surgical mortality after
craniotomies as an Inpatient Quality Indicator. Still, the frequency and causes of 30-day
mortality after neurosurgical procedures have not been much explored. We sought to study
the frequency and possible causes of death following primary intracranial tumor operations.
We also sought to explore a possible predictive value of perioperative mortality rates from

neurosurgical centers in relation to long-term survival.

Using population-based data from the Norwegian cancer registry we identified 15,918
primary operations for primary CNS tumors treated in Norway in the period from August
1955 through December 2008. Patients were followed up until death, emigration, or
September 2009. Causes of mortality as indicated on death certificates were studied. Factors

associated with an increased risk of perioperative death were identified.

The overall risk of perioperative death after first-time surgery for primary intracranial tumors
is currently 2.2% and has decreased over the last decades. An age > 70 years and
histopathological entities with poor long-term prognoses are risk factors. Overlapping lesions
are also associated with excess risk, indicating that lesion size or multifocality may matter.
The overall risk of perioperative death is also higher in biopsy cases than in resection cases.
Perioperative mortality rates of the 4 Norwegian neurosurgical centers were not predictive of

their respective long-term survival rates.
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Although considered surgically related if they occur within the first 30 days of surgery, most
early postoperative deaths can happen independent of the handiwork of the operating surgeon
or anesthesiologist. Overall prognosis of the disease seems to be a strong predictor of
perioperative death—perhaps not surprisingly since the 30-day mortality rate is merely the
intonation of the Kaplan-Meier curve. Both referral and treatment policies at a neurosurgical
center will therefore markedly affect such early outcomes, but early deaths may not
necessarily reflect overall quality of care or long-term results. The low incidence of
perioperative death in intracranial tumor surgery also greatly limits the statistical power in
comparative analyses, such as between published patient series or between centers and
certainly between surgeons. Therefore we question the value of perioperative mortality rates

as a quality indicator in modern neurosurgery for tumors.
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Paper 11
Quality of life in patients with intracranial gliomas - the impact of modern image guided

surgery
Jakola AS, Unsgard G, Solheim O

Journal of Neurosurgery. 2011;114(6):1622-1630.

Outcome following brain tumor operations is often assessed by health professionals using
various gross function scales. However, surprisingly little is known about how modern glioma
surgery affects quality of life (QOL) as reported by the patients themselves. In the present
study the authors aimed to assess changes in QOL after glioma surgery, to explore the
relationship between QOL and traditional outcome parameters, and to examine possible

predictors of change in QOL.

Eighty-eight patients with glioma were recruited from among those 16 years or older who had
been admitted to the authors’ department for brain tumor surgery in the period between
January 2007 and December 2009. A 3D ultrasonography—based navigation system was
utilized in nearly all operations and functional MR imaging data on eloquent lesions were
incorporated into the neuronavigation system. Preoperative scores for QOL (EuroQol 5D
[EQ-5D]) and functional status (Karnofsky Performance Scale [KPS]) were obtained. The
EQ-5D and KPS scores were subsequently recorded 6 weeks postoperatively, as were

responses to a structured interview about new deficits and possible complications.

There was no change in the median EQ-5D indexes following surgery, 0.76 versus 0.75 (p =
0.419). The EQ-5D index value was significantly correlated with the KPS score (p < 0.001;
rho = 0.769). The EQ-5D index values and KPS scores improved in 35.2% and 24.1% of
cases, were equal in 20.5% and 47.2% of cases, and deteriorated in 44.3% and 28.7%,
respectively. Thus, both improvement and deterioration were underestimated by the KPS
score as compared with the patient-reported QOL assessment. New motor deficits (p = 0.003),
new language deficits (p =0.035), new unsteadiness and/or ataxia (p = 0.001), occipital
lesions (p = 0.019), and no use of ultrasonography for resection control (p = 0.021) were

independent predictors of worsening QOL in a multivariate model.
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The surgical procedures per se may not significantly alter QOL in the average patient with
glioma; however, new deficits have a major undesirable effect on QOL. It seems that the
active use of intraoperative ultrasonography may be associated with a preservation of QOL.
The EQ-5D seems like a good outcome measure with a strong correlation to traditional

variables while offering a more detailed description of outcome.
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Paper 111

Postoperative deterioration in health related quality of life as predictor for survival in

patients with glioblastoma: a prospective study
Jakola AS, Gulati S, Weber C, Unsgard G, Solheim O
PLoS ONE. 2011;6(12):e28592.

Studies indicate that acquired deficits negatively affect patients’ self-reported health related
quality of life (HRQL) and survival, but the impact of HRQL deterioration after surgery on
survival has not been explored. We aimed to assess if change in HRQL after surgery is a

predictor for survival in patients with glioblastoma.

Sixty-one patients with glioblastoma were included. The majority of patients (n=56, 91.8 %)
were operated using a neuronavigation system which utilizes 3D preoperative MRI and
updated intraoperative 3D ultrasound volumes to guide resection. HRQL was assessed using
EuroQol 5D (EQ-5D), a generic instrument. HRQL data were collected 1-3 days
preoperatively and after 6 weeks. The mean change in EQ-5D index was -0.05 (95 % CI -0.15
—0.05) 6 weeks after surgery (p=0.285). There were 30 patients (49.2 %) reporting
deterioration 6 weeks after surgery. In a Cox multivariate survival analysis we evaluated
deterioration in HRQOL after surgery together with established risk factors (age, preoperative

condition, radiotherapy, temozolomide and extent of resection).

There were significant independent associations between survival and use of temozolomide
(HR 0.30, p=0.019), radiotherapy (HR 0.26, p=0.030), and deterioration in HRQL after
surgery (HR 2.02, p=0.045). Inclusion of surgically acquired deficits in the model did not

alter the conclusion.

Early deterioration in HRQL after surgery is independently and markedly associated with
impaired survival in patients with glioblastoma. Deterioration in patient reported HRQL after
surgery is a meaningful outcome in surgical neuro-oncology, as the measure reflects both the

burden of symptoms and treatment hazards and is linked to overall survival.
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Paper IV

Comparison of a Strategy Favoring Early Surgical Resection vs a Strategy Favoring
Watchful Waiting in Low-Grade Gliomas.
Jakola AS, Myrmel KS, Kloster R, Torp SH, Lindal S, Unsgard G, Solheim O.

JAMA. 2012:Nov 14;308(18):1881-8

There are no controlled studies on surgical treatment of diffuse low-grade gliomas (LGGs),

and management is controversial.

Objective was to examine survival in population-based parallel cohorts of LGGs from 2

Norwegian university hospitals with different surgical treatment strategies.

Both neurosurgical departments are exclusive providers in adjacent geographical regions with
regional referral practices. In hospital A diagnostic biopsies followed by a “wait and scan”
approach has been favored (biopsy and watchful waiting), while early resections have been
advocated in hospital B (early resection). Thus, the treatment strategy in individual patients
has been highly dependent on the patient's residential address. Histopathology specimens
from all adult patients diagnosed with LGG from 1998 through 2009 underwent a blinded
histopathological review to ensure uniform classification and inclusion. Follow-up ended
April 11, 2011. There were 153 patients (66 from the center favoring biopsy and watchful

waiting and 87 from the center favoring early resection) with diffuse LGGs included.

The prespecified primary end point was overall survival based on regional comparisons

without adjusting for administered treatment.

Initial biopsy alone was carried out in 47 (71%) patients served by the center favoring biopsy
and watchful waiting and in 12 (14%) patients served by the center favoring early resection
(P <.001). Median follow-up was 7.0 years (interquartile range, 4.5-10.9) at the center
favoring biopsy and watchful waiting and 7.1 years (interquartile range, 4.2-9.9) at the center
favoring early resection (P = .95). The 2 groups were comparable with respect to baseline
parameters. Overall survival was significantly better with early surgical resection (P =.01).
Median survival was 5.9 years (95% CI, 4.5-7.3) with the approach favoring biopsy only

while median survival was not reached with the approach favoring early resection. Estimated
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S-year survival was 60% (95% CI, 48%-72%) and 74% (95% CI, 64%-84%) for biopsy and
watchful waiting and early resection, respectively. In an adjusted multivariable analysis the
relative hazard ratio was 1.8 (95% CI, 1.1-2.9, P = .03) when treated at the center favoring

biopsy and watchful waiting.

In conclusion, for patients in Norway with LGG, treatment at a center that favored early
surgical resection was associated with better overall survival than treatment at a center that
favored biopsy and watchful waiting. This survival benefit remained after adjusting for

validated prognostic factors.
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Discussion

Innovations and achievements in surgical treatment of diffuse gliomas

The first reported brain tumor surgery was performed in 1884 by Godlee and Bennett.®’ Since
then, many new concepts have been introduced to benefit the patients with neurosurgical
conditions in general.”* Cushing performed his first brain tumor operation using monopolar
electrocautery in 1926, an achievement in close collaboration with its inventor, William
Bovie.* Bipolar electrocautery made commercially available by Leonard Malis in 1955,%%
the appearance of the ultrasonic aspirator in neurosurgery in the late 1970’s” and the
emergence of neuronavigation systems have moved the field of glioma surgery forward.
Further, the introduction of the microscope in a neurosurgical operating theater first described
in 1957, was the fundament for the modern field of microneurosurgery and its many
advances. With these surgical tools in hand the surgical procedures may be performed more
targeted, perhaps more radical, but also gentler and safer than before. However, the field has
continued to be influenced by technical improvements also in the last decades(s). Several
visualization techniques and functional techniques have moved into the operating room with
special emphasis on detecting the border between tumor and normal tissue. There are
promising reports with intraoperative use of 3D ultrasound,””*"*? intraoperative MRI'**** or
the use of 5-ALA which makes high grade gliomas visible under fluorescent light.'>264>%
The functional border may also be assessed intraoperatively using various sorts of
mapping.'®'7***7 It is not a problem to find ambassadors for the use of a certain tool, but in
what way has this improved care for patients? First of all, brain tumor surgery is much safer

374 paper I demonstrates that the risk of perioperative death has

than it was in the beginning.
gradually declined the last four decades.” In glioma surgery important answers concerning
benefits have been provided in later years. There seems to be a survival advantage when GTR
is achieved in surgical treatment of glioblastomas.* Results provided in this thesis also
significantly strengthen the evidence in support of early and extensive surgery for diffuse

LGGs.? Still, the level of evidence in neurosurgery as a field remains poor, and it is necessary
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to both improve quality of future research and to continue the tradition with technical

innovation.”®

Figure 3

Early postoperative MRI images following resection of an anaplastic glioma (WHO grade 3)
in the right frontal lobe. The primary operation was performed in 2007 and adjuvant
radiotherapy and chemotherapy was administered. The patient is doing well (2012) except for

persistent fatigue and some cognitive impairment.

Improving quality in neurosurgical research

As seen, neurosurgery is a highly technical field where innovations and developments of new
techniques have been embraced and quickly integrated. There is no doubt that improved
diagnostics and refinement of surgical tools and techniques have increased safety in brain
tumor surgery.”* Even though neurosurgery can clearly be performed more safely than before,
the evidence for performing the operations in the first place can be paradoxically low. This is
problematic and has contributed to large local variations in practice based on personal

experience and tradition more than scientific evidence.
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When evaluating innovative strategies and tools, the neurosurgical researchers have focused

. . . 12498
on case-series rather than randomized controlled trials.”™

This makes the evaluations prone
to selection bias and assessment bias and in the end it may be difficult to tell the treatment
effect from prognostic factors or confounding variables. On the other hand, the surgical
specialties constantly change with minor adjustments of tools and techniques. Such small
adjustments are not in isolation expected to contribute to significant differences in outcome.*’
The clinical benefit of each new tool to a steadily increasing arsenal of possibilities is no
longer obvious as perhaps was the situations by some earlier innovations (e.g. the operating
microscope).”’ Since most current improvements are of lesser magnitude a development
should be reflected in the neurosurgical research by improved scientific methodology, and in

1426 1t needs to be

fact a few methodological high-quality studies were published recently.
acknowledged that surgical research is different and more complex compared to
pharmaceutical research, and the conventional randomized trial is not always feasible. There
may also be situations where only minor modifications are performed to techniques and tools
may not be proper for testing in time-consuming and costly trials since detection of important
clinical difference is unlikely. Randomized controlled trials, although desired, is not
necessarily the solution if clinical equipoise is no longer the case. As experienced in a
randomized controlled trial assessing neuronaviagtion in glioma surgery, clinical equipoise
was present in very few patients (16 % of total), seriously threatening external Validity.loo Due
to the inclusion criteria the patient recruitment was consequently very slow and if continuing
in the same pace would need 11 years to reach the prespecified sample size, a discouraging

finding presumably leading to the early discontinuation of the trial.'”

Despite the best
intentions the trial is not capable of guiding treatment decisions and in practice neurosurgeons
discard the results. However, proper randomized trials should be conducted in situations
where important difference in surgical strategies exist.*! Initiatives to improve methodology

of surgical research and innovation should be acknowledged and supported.”®'*""' In

example, evaluation of surgical innovation described stepwise as IDEAL'"!

(Innovation,
Development, Exploration, Assessment, Long-term) is helpful for recognizing the stages of
innovation and it provides a useful framework when deciding on the most appropriate study
design and outcome for the current stage. Another important way to improve quality of
surgical research would be increased use of prospective designs, reduce bias in outcome

assessment, and reporting outcome measures in a standardized fashion.
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Evidence based versus technology driven research

It is often claimed that when several presumably equally good options exist, none of the
options are actually good and neither is superior to the other. However, to reach such
conclusions the hypothesis should be subject to rigorous investigation. In diffuse LGG
patients the surgical options were steadily increasing for decades, each having their advocates.
And as pointed out by others, a randomized trial seemed unlikely in the future as well, much
due to the infrequent nature of the disease, the need for long follow-ups in combination with
strong and diverse local treatment traditions.”***'**!%* The various tools and techniques
developed and marketed for the use in diffuse LGG operations includes neurophysiological
monitoring and various forms of neuronavigation and intraoperative imaging. Paradoxically,
there was limited evidence supporting that diffuse LGG patients benefit from surgery in the
first place since the common research strategy had been to investigate the results using the
tool available without comparing strategies or different tools. Within this myriad of strategies
and tools some of the differences were perhaps of a magnitude that could be clinical
important? And is there a way to perform a reliable comparative study? This was the situation
we were dealing with in Paper IV.?’ Researchers occupied with diffuse LGG had failed to
assess efficacy of a certain strategy or procedure against other strategies, making almost every
strategy being locally considered as established good practice. However, in recent years an
increasing amount of papers supporting surgical resection were published,’ but the strength
of evidence remained equally low since only case-series with different tools were conducted.
Even though case-series and registries provide information on treatment results and safety, the
treatment efficacy cannot always be properly assessed in this manner. As a consequence of
this complete lack of consensus we identified a marked regional difference in treatment
strategy between two centers in Norway — a difference so large that we considered it a natural
occurring experiment. With a pragmatic design with histopatholoical inclusion criteria we
were able to analyze the difference in treatment policy, a conservative statistical approach
when searching for a difference. With this study we were able to provide the first properly
controlled surgical study on diffuse LGG, and it now seems clear that the preferred surgical
strategy should be resection in most cases. However, while the improvement in survival was a

result of innovations and technical developments, introduction was based on scarce evidence.
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While only 8% of patients with histologically diagnosed LGGs in Norway underwent
resections in the 1980s, the percentage has increased to 80% on a National level today
(source: Norwegian Cancer registry). Modern neuroimaging, neuronavigation and
intraoperative imaging have facilitated the aggressive surgery seen in many centers today.
Based on the observation that tumors recurred locally work was done at our institution to
improve quality of resections. This ultimately led to the development of a 3D ultrasound
based neuronavigation system that facilitated the aggressive strategy at our institution from
the late 1990’s.”"'% Fortunately, our data now show that the radical change in surgical
aggressiveness made possible by this technology has contributed to improved patient
survival.””'"” This was not obvious when the pioneers in the field promoted the idea and this

demonstrates how a surgical field may evolve as a consequence of technical innovation.

It should be acknowledged that some conditions are not optimal for a conventional
randomized trial, and patients may even be unwilling to undergo randomization for radically
different interventions in brain tumor surgery.®' However, with good collaboration between
institutions better studies with higher level is of evidence is achievable, and this should be the

goal also in a technology driven field like neurosurgery.

Modernized outcome measures

In this thesis both old and new outcome measures are explored. Perioperative death rate is
considered a quality indicator and the publications of death rate have traditionally been
important in neurosurgery.”* In Paper I we examined a national cohort from 1955 through
2008 with 15,918 primary operations with respect to frequencies and differences in
perioperative death rate and it relation to long-term outcome. Due to the very infrequent
occurrence of death within 30 days of intracranial tumor surgery the comparison of
perioperative death does not seem very meaningful in a modern context.”> However, such
numbers are still important to acknowledge the risk of an intervention, and it should perhaps
still be a part of regular work in quality assurance. The main focus in Paper II and III was
HRQL, a relatively new measure in neurosurgery.*®’””’® PROs were the natural next step in
neurosurgical research, mainly for two reasons: 1) it’s a trend in medicine to move away from
paternalistic care to patient-centered care and 2) the clinical benefit of a new intervention and
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tool is no longer obvious in terms of hard clinical end-points such as perioperative death rate
or overall survival. To evaluate changes of an intervention a more sensitive tool was needed,
and with PROs we are able to do patient-centered research as well. Even though we reported
average values using EQ-5D index, the impact for individual patients may naturally differ.

Also, significant changes, was not established for EQ-5D in this cohort of patients. However,

108-11
08-110 and

it is common to consider 0.07-0.10 to represent a minimal important difference,
determination of the minimal important difference in EQ-5D for brain tumor patients is part
of our group’s further research strategy. With the use of minimal important difference the

results of the less intuitive HRQL-scores become more meaningful for clinicians and patients.

Another positive aspect of PROs is its prospective nature, which is a necessary step in the
right direction for neurosurgical research. To best assess the effect of a procedure a
preoperative, early postoperative (weeks) and late postoperative (months to years)
assessments should be done. Patients treated with intracranial tumors at St. Olavs University
Hospital are now invited to be part of such prospective research on HRQL. To us this is a
major improvement and clearly a reduction of bias compared to surgeons’ evaluations of own

results in retrospect which is still a fairly common practice.

In this thesis we utilized a generic instrument (EQ-5D). Although less sensitive for the
specific patient group, it still offers the patient perspective in a less biased manner. EQ-5D is
simple, a feature that may be of benefit in patients with cognitive disturbances. Also, the short
and simple format reduce questionnaire burden and may improve inclusion rates and patient
compliance. In addition, being generic it is also possible to compare across diseases. There are
also disease specific HRQL measures available for patients with brain tumor. The EORTC
QLQ-C30 consist of cancer specific questions in addition to assessment of overall health and
HRQL."" A brain tumor specific module called EORTC QLQ-BN20 is also available and
intended for use together with the QLQ-C30. ' These questionnaires are more sensitive since
they consist of 50 questions compared to the 5 questions in EQ-5D. They are still not
developed for the evaluation of neurosurgical interventions, but are developed by oncologists.
As a consequence the questionnaires focus less on effects of brain surgery, but more on
known adverse reactions to chemotherapy and radiotherapy. Not to be underestimated in this
context is the psychological distress of answering 50 questions pre-operatively related to
cancer and brain tumor in patients without a histopathological diagnosis. Also, the

questionnaire burden is high if several follow-up assessments are scheduled. The different

46



properties of the generic and disease specific PRO measures should be carefully considered
when planning a study. In general, the disease specific measures should perhaps be chosen in
comparative studies since the higher sensitivity makes them better equipped to identify

between groups differences.

Comparing outcome

To fairly compare results between centers, regions or countries or study groups, several
factors need to be considered. The factor probably being most important for achieving good
results in surgery, and perhaps in every medical discipline, is the selection of patients. This
was exemplified in a recent study.'"> However, outside clinical trials patient selection is
difficult to control, but clear reporting of eligibility criteria, predictors, follow-up and data
collection, as stated in the STROBE statement,'"* ensures transparency and this again could
allow for more just comparisons. In addition, to compare more honestly, at least co-
morbidity”'"® and the clinical condition® should be adjusted for to prevent the results from

just reflecting the institutions’ case-mix.

Unfortunately comparing across studies, to reach self-evident conclusions on the basis of
case-mix, is not uncommon. Recently a meta-analysis receiving much attention on
intraoperative stimulation was published. In the pooled analysis of mainly retrospective case
studies, increased early morbidity rates and lower late morbidity rates were seen when
intraoperative stimulation was in use, and the authors concluded that intraoperative
stimulation should be standard of care in glioma surgery.''®. However, attempts at scientific
alchemy by constructing hard evidence from pooling weak evidence are often dubious, as the
weaknesses are also pooled. Also, there are reasons to argue that the generalization to
everyday glioma surgery, recommending universal use of intraoperative stimulation mapping,
is problematic and scientifically unjustified. Low-grade gliomas and HGGs were analyzed
together in the meta-study. Although biologically related, the disease courses, age groups,
presenting symptoms, aims of treatment, treatments, surgical results in terms of functional
outcomes and resection grades, and the use of surgical tools are clearly very different. In
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unselected patients with glioblastoma survival is still only 10 months™ " and the impact of

surgery on survival remains modest even in highly selected patients.”® Any new deficits in
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patients with HGGs (also early deficits) are clearly negative and should not be compromised
against extents of resection since early deficits have a direct negative impact on HRQL.”® The
younger and often highly functional LGG patient may also tolerate a deficit better, equivalent
to better outcomes in younger patients with traumatic brain injury.''®'" Thus, comparing
results after intraoperative stimulations in LGGs with results from operations without
intraoperative stimulations in patients with HGGs, is really like comparing apples and
oranges. The HGG publications, which were overrepresented in the non-stimulation group,
probably contribute with higher morbidity due to the disease itself and morbidity was indeed
higher in HGG surgery (6.4% vs 3.4% late deficits). Since the aims of surgery are so different
in LGG and HGG, outcome should also have been analyzed or reported differently. The
conclusion of the meta-study may just as well have been: avoid intraoperative stimulation in

HGGs as it increases the chance of early deficits.

Another necessary factor for a meaningful comparison of risks and benefits between studies
or patient groups is the use of standardized outcome measures. The heterogeneity in
assessment with respect to definitions, timing and length of follow-up precludes reproduction
and meaningful comparisons of techniques, studies and institutions. Today’s practice
assessment of brain tumor surgery includes crude measures in a myriad of different ways. In
example, even the assessment of perioperative morbidity has until recently not been reported
in a standardized manner.*'® From another surgical discipline a review of 107 studies

99,120 and

identified 56 different definitions of anastomotic leak after gastrointestinal surgery,
there is no reason to believe that the neurosurgical literature is more consistent. There is also
much potential for both bias and conflicts of interests in the common neurosurgical series
where the operating surgeon is to rule on whether surgery was a success or not. The recently
published Ibafiez classification'® attempt to introduce a standard way of reporting
complications in neurosurgery, but researchers in clinical neurosurgery are still lacking a
feasible tool for assessment of severity and frequency of neurological sequelas. As
demonstrated in this thesis, PROs is a valuable adjunct that may have potential as an outcome

STI2L122 a1beit not offering the

parameter in brain tumor surgery.*®’® Cognitive assessment,
patients’ perspective, offers a more standardized, detailed and perhaps more relevant

assessment in modern neurosurgery than the traditional outcome measures.
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Further innovation and refinement

Diffuse gliomas located within regions perceived to contain critical neurological functions
(eloquent regions) is associated with impaired survival compared to patients with gliomas in
other regions of the brain.'?® This difference is most likely explained by less extensive
resection in an attempt to avoid surgically acquired deficits.'' In modern neurosurgery various
tools are available to improve resection and safety. But despite the use of intraoperative

11,17,116,126

MRI,'** 3D ultrasound'*'**'?* and intraoperative mapping these patients remain a

challenge. In example, it is not uncommon that patients with gliomas deteriorate in language

and memory functions postoperatively (i.e. cognitive functions).'*"'*

These functions may be
at particular risk if the tumor is involving language areas.'?' Thus, further innovation and
refinement of preoperative assessment together with surgical tools and techniques should be

encouraged. Also, the combination of techniques may also be beneficial.'*"'**

Despite the fact that surgery is no cure for diffuse gliomas it is still a very important treatment
modality both for obtaining tissue diagnosis and for improving survival if safe and radical
resection are performed. In the short term HRQL is not improved after surgery in the average
patient with diffuse glioma.”'® This is perhaps no surprise since little may be gained in
patients with diffuse LGG having subtle symptoms and in HGG patients the short term gain
may be modest after the effect of corticosteroids. However, tapering of corticosteroids may be
possible after surgery — and this may presumably allow patients to maintain their
perioperative HRQL for a longer period before signs of progression again occur. Even though
patients as a group did not seem to get short-term benefit from the surgical treatment with
respect to HRQL it is necessary to emphasize that differences in terms of significant
subjective changes were not analyzed. It is suggested from our study that about half of the
patients with glioma remain stable or improve early after surgery.”® In assessment of cognitive
functions pre- and postoperatively the numbers are quite similar.'*""'** This may indicate that
cognitive problems are strongly correlated with HRQL, perhaps even more so than physical
symptoms (e.g. a limb paresis).m’129 This may be especially true in LGG patients with time
for rehabilitation and response shift.”” Despite major technical improvements to date in brain
tumor surgery patients still experience a high symptom burden and further improvements to

maximize HRQL is needed.
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It has to be remembered that safety should remain the primary goal and it should not be
jeopardized as acquired deficits clearly reduces HRQL® and an association with impaired
survival has been reported, at least in HGG.***” One theory linking survival with acquired
deficits is that surgery may lead to vascular damage causing regional hypoxia. This hypoxia in
relation to the tumor site may induce the remaining tumor cells to migrate leading to increased
local invasion.*® Our research group is currently investigating the amount of circulatory
alterations, as defined by diffusion weighted MRI,"*""*' occurring after glioma resections and
the possible association with acquired deficits. Follow-up studies from this work may be able
to detect possible differences in recurrence patterns or time to recurrence in patients with or
without MRI detected circulatory alterations. However, it is not only the neurological
complications that influence outcome. A recent study demonstrated an association between
complications (not associated with new deficits) and decreased survival, a finding possibly
related to deferral of postoperative adjuvant treatment.* This suggests the obvious that a high

quality of care is needed in all aspects of patient management.

In the further process of innovation and refinement it is important not only to rely on case-
series without controls. During the late exploration phase of surgical innovation the procedure
or tool is starting to lose its experimental nature and becoming familiar to many surgeons. For
conducting an assessment study on efficacy, this has been suggested to be the critical time
point.”” !9 A fterwards it will often be widely adopted, and deserved or not, regarded as
established good practice. However, if missing a step in the innovative hierarchy it is
important to continue to monitor the effects, either through prospective cohort studies or
clinical registries. Even though the efficacy of the procedure is better evaluated in controlled
and preferably randomized studies, the benefit-to-harm ratio of the procedure may be
monitored in this manner. Also to be emphasized is that slight adjustments of existing
techniques or tools are probably poor candidates for randomized trials as important clinical

difference is unlikely.

Primum non nocere

Despite improved safety in brain tumor surgery there is still room for improvement, and it is
still considered a high-risk field of surgery.'** A recent publication summarizes the main
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focus areas for prevention of adverse events in intracranial tumor surgery, and they mention
several strategies including systematic work to reduce deep-vein thrombosis, seizures, and
infection."” To reduce surgical related morbidity it is crucial to identify the risks associated
with surgery in individual patients, but this is not always an easy task. Neurosurgeons have
perhaps been less focused on the systemic complications of treatment, but rather on
neurological risks and particularly interest for the tumor’s relationship to certain critical
regions, a factor being of major importance in clinical decision making. However, anatomical
eloquence which neurosurgeons have heavily relied on in the past is not reliable enough in
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individual patients. ~~ With the increased possibilities in modern technologies in preoperative

14,125 17,126

planning with fMRI and DTL,'*'**'3* intraoperative imaging and functional mapping
the boundaries have been pushed towards more aggressive surgery without a clear increase in
neurological risks. Even though surgical cure of diffusely infiltrating gliomas is yet to be
demonstrated, we are now able to remove larger part of the tumor in a safer way, and as stated
by Kelly in a famous editorial: “we just do not hurt patients as badly as we did 40 years
ago”."*’ However, we would discourage nihilism when caring for these patients since radical
resection of HGG" and an aggressive strategy in LGG (Paper V)» improves survival, and

radical resection may act synergistically with adjuvant therapy in HGG.**¢*¢!

Recommendations for future research

Based on this thesis a few future research recommendations can be made. First, as a field is
moving forward there is a need for adjusting the outcome measures similarly. As an example,
comparing institutions on the basis of perioperative mortality after craniotomy seems
outdated. It may also be advisable to supplement the crude physicians rated outcome
measures, like KPS, with more detailed and patient centered outcome measures. This would
provide prospective and less biased research findings. Second, where genuine uncertainty
exists (clinical equipoise) between strategies or tools believed to be clinically important a
randomized trial should be the default setting for researchers also in neurosurgery. There is
now an active debate on resection grades “threshold” for achieving survival benefit in patients
with glioblastoma.*>'*'*® Whether or not to perform non-radical debulkings in lesions where
radical resection is not expected should be subject to a rigid and adequately powered
randomized controlled trial. Third, a practical tool for assessing neurological function (a

139 should be accessible
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for evaluating brain tumor patients. With a reliable and efficient tool that preferably could be
integrated into clinical practice, researchers would be better equipped to assess perioperative
neurological function in a standard way and thereby enhance possibilities for comparisons. In
fact, clinical trials are dependent on a sensitive and reliable outcome measure to detect both
deterioration and improvement. Together with the Ibanez classification for complications such
a tool would also better illuminate the periopeartive risks and benefits associated with brain

tumor surgery.
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Conclusions

This thesis investigated the risks and benefits associated with surgical treatment of brain

tumors and the following conclusions can be drawn:

- Opverall tumor prognosis is a strong predictor of perioperative death. The low
incidence of perioperative death in intracranial tumor surgery limits the statistical
power in comparative analyses, such as between published patient series or
between centers and certainly between surgeons. Therefore the value of
perioperative mortality rates as a quality indicator in modern neurosurgery for
intracranial tumors may be questioned.

- Surgically acquired deficits have a major undesirable effect on HRQL measured
with a generic instrument. EQ-5D seems like a good outcome measure with a
strong correlation to traditional variables while offering a more detailed and less
biased description of outcome.

- Early deterioration in HRQL after surgery is independently and markedly
associated with impaired survival in patients with glioblastoma. Deterioration in
patient reported HRQL after surgery is a meaningful outcome in surgical neuro-
oncology, as the measure reflects both the burden of symptoms and treatment
hazards and is linked to overall survival.

- Early surgical resection improves survival as compared to biopsy and subsequent
watchful waiting. Resection should be the initial treatment option in most patients

with LGG.

53



54



References

1. Louis D, Ohgaki H, Wiestler O, et al: The 2007 WHO Classification of
Tumours of the Central Nervous System. Acta Neuropathologica 114:97-109, 2007

2. Aldape K, Simmons ML, Davis RL, et al: Discrepancies in diagnoses of
neuroepithelial neoplasms. Cancer 88:2342-2349, 2000

3. Ricard D, Idbaih A, Ducray F, et al: Primary brain tumours in adults. The
Lancet 379:1984-1996, 2012

4. Wen PY, Kesari S: Malignant Gliomas in Adults. New England Journal of
Medicine 359:492-507, 2008

5. Warnke PC: A 31-Year-Old Woman With a Transformed Low-grade Glioma.
JAMA: The Journal of the American Medical Association 303:967-976, 2010

6. Sanai N, Chang S, Berger MS: Low-grade gliomas in adults. Journal of
Neurosurgery:1-18, 2011

7. Cavaliere R, Lopes MBS, Schiff D: Low-grade gliomas: an update on
pathology and therapy. The Lancet Neurology 4:760-770, 2005

8. Pignatti F, van den Bent M, Curran D, et al: Prognostic Factors for Survival in
Adult Patients With Cerebral Low-Grade Glioma. Journal of Clinical Oncology 20:2076-
2084, 2002

9. Daniels TB, Brown PD, Felten SJ, et al: Validation of EORTC Prognostic
Factors for Adults With Low-Grade Glioma: A Report Using Intergroup 86-72-51.
International Journal of Radiation Oncology*Biology*Physics 81:218-224, 2011

10.  Weber MA, Henze M, Tuttenberg J, et al: Biopsy targeting gliomas: do
functional imaging techniques identify similar target areas? Invest Radiol 45:755-68, 2010

11.  Chang EF, Clark A, Smith JS, et al: Functional mapping—guided resection of
low-grade gliomas in eloquent areas of the brain: improvement of long-term survival. Journal
of Neurosurgery 114:566-573, 2011

12. Sawaya R, Hammoud M, Schoppa D, et al: Neurosurgical Outcomes in a
Modern Series of 400 Craniotomies for Treatment of Parenchymal Tumors. Neurosurgery
42:1044-1055, 1998

13. Berntsen EM, Gulati S, Solheim O, et al: Functional Magnetic Resonance
Imaging and Diffusion Tensor Tractography Incorporated Into an Intraoperative 3-
Dimensional Ultrasound-Based Neuronavigation System: Impact on Therapeutic Strategies,
Extent of Resection, and Clinical Outcome. Neurosurgery 67:251-264 2010

14. Senft C, Bink A, Franz K, et al: Intraoperative MRI guidance and extent of
resection in glioma surgery: a randomised, controlled trial. The Lancet Oncology, 2011

15. Stummer W, Tonn Jr-C, Mehdorn HM, et al: Counterbalancing risks and gains
from extended resections in malignant glioma surgery: a supplemental analysis from the
randomized 5-aminolevulinic acid glioma resection study. Journal of Neurosurgery 0:1-11,
2010

16.  Sanai N, Mirzadeh Z, Berger MS: Functional Outcome after Language
Mapping for Glioma Resection. New England Journal of Medicine 358:18-27, 2008

17. Szelényi A, Bello L, Duffau H, et al: Intraoperative electrical stimulation in
awake craniotomy: methodological aspects of current practice. Neurosurgical FOCUS 28:E7,
2010

55



18.  Dowling C, Bollen AW, Noworolski SM, et al: Preoperative proton MR
spectroscopic imaging of brain tumors: correlation with histopathologic analysis of resection
specimens. AJNR Am J Neuroradiol 22:604-12, 2001

19.  Kunz M, Thon N, Eigenbrod S, et al: Hot spots in dynamic18FET-PET
delineate malignant tumor parts within suspected WHO grade II gliomas. Neuro-Oncology
13:307-316, 2011

20.  Jakola AS, Myrmel KS, Kloster R, et al: Comparison of a Strategy Favoring
Early Surgical Resection vs a Strategy Favoring Watchful Waiting in Low-Grade Gliomas.
JAMA:1-8, 2012

21. Pallud J, Fontaine D, Duffau H, et al: Natural history of incidental world health
organization grade II gliomas. Annals of Neurology 68:727-733, 2010

22. Potts MB, Smith JS, Molinaro AM, et al: Natural history and surgical
management of incidentally discovered low-grade gliomas. Journal of Neurosurgery 0:1-8,
2011

23.  Charlson ME, Pompei P, Ales KL, et al: A new method of classifying
prognostic comorbidity in longitudinal studies: Development and validation. Journal of
Chronic Diseases 40:373-383, 1987

24.  Gnanalingham KK, Tysome J, Martinez-Canca J, et al: Quality of clinical
studies in neurosurgical journals: signs of improvement over three decades. J Neurosurg
103:439-43, 2005

25. Stupp R, Mason WP, van den Bent MJ, et al: Radiotherapy plus Concomitant
and Adjuvant Temozolomide for Glioblastoma. N Engl ] Med 352:987-996, 2005

26. Stummer W, Pichlmeier U, Meinel T, et al: Fluorescence-guided surgery with
S-aminolevulinic acid for resection of malignant glioma: a randomised controlled multicentre
phase III trial. The Lancet Oncology 7:392-401, 2006

217. Stupp R, Hegi ME, Mason WP, et al: Effects of radiotherapy with concomitant
and adjuvant temozolomide versus radiotherapy alone on survival in glioblastoma in a
randomised phase I1I study: 5-year analysis of the EORTC-NCIC trial. The Lancet Oncology
10:459-466, 2009

28.  Darefsky AS, King JT, Dubrow R: Adult glioblastoma multiforme survival in
the temozolomide era: A population-based analysis of Surveillance, Epidemiology, and End
Results registries. Cancer 118:2163-2172, 2012

29.  Karnofsky DA, Burchenal JH: The clinical evaluation of chemotherapeutic
agents in cancer. New York: Columbia University Press:191-205, 1949

30. Mor V, Laliberte L, Morris JN, et al: The Karnofsky Performance Status Scale.
An examination of its reliability and validity in a research setting. Cancer 53:2002-7, 1984

31. Scott CB, Scarantino C, Urtasun R, et al: Validation and Predictive Power of
Radiation Therapy Oncology Group (RTOG) Recursive Partitioning Analysis Classes for
Malignant Glioma Patients: A Report Using RTOG 90-06. International Journal of Radiation
Oncology*Biology*Physics 40:51-55, 1998

32. Curran W1, Jr., Scott CB, Horton J, et al: Recursive partitioning analysis of
prognostic factors in three Radiation Therapy Oncology Group malignant glioma trials. J Natl
Cancer Inst 85:704-10, 1993

33. Mirimanoff R-O, Gorlia T, Mason W, et al: Radiotherapy and Temozolomide
for Newly Diagnosed Glioblastoma: Recursive Partitioning Analysis of the EORTC
26981/22981-NCIC CE3 Phase III Randomized Trial. Journal of Clinical Oncology 24:2563-
2569, 2006

34, Behin A, Hoang-Xuan K, Carpentier AF, et al: Primary brain tumours in
adults. Lancet 361:323-31, 2003

56



35.  Grossman R, Mukherjee D, Chang D, et al: Predictors of Inpatient Death and
Complications among Postoperative Elderly Patients with Metastatic Brain Tumors. Annals of
Surgical Oncology 18:521-528, 2011

36.  Grossman R, Mukherjee D, Chang DC, et al: Preoperative Charlson
Comorbidity Score Predicts Postoperative Outcomes Among Older Intracranial Meningioma
Patients. World Neurosurgery 75:279-285, 2011

37.  Porensky P, Chiocca EA: Preoperative Comorbidity Scores and Intangible
Neurosurgical Wisdom. World Neurosurgery 75:215-216, 2011

38.  Bar B, Hemphill JC: Charlson Comorbidity Index Adjustment in Intracerebral
Hemorrhage. Stroke, 2011

39. Goldstein LBMD, Samsa GPP, Matchar DBMD, et al: Charlson Index
Comorbidity Adjustment for Ischemic Stroke Outcome Studies. Stroke 35:1941-1945, 2004

40.  Padma MV, Said S, Jacobs M, et al: Prediction of pathology and survival by
FDG PET in gliomas. J Neurooncol 64:227-37, 2003

41.  Hegi ME, Diserens AC, Gorlia T, et al: MGMT gene silencing and benefit
from temozolomide in glioblastoma. N Engl J Med 352:997-1003, 2005

42.  Felsberg J, Rapp M, Loeser S, et al: Prognostic Significance of Molecular
Markers and Extent of Resection in Primary Glioblastoma Patients. Clinical Cancer Research
15:6683-6693, 2009

43.  Cairncross G, Berkey B, Shaw E, et al: Phase III trial of chemotherapy plus
radiotherapy compared with radiotherapy alone for pure and mixed anaplastic
oligodendroglioma: Intergroup Radiation Therapy Oncology Group Trial 9402. J Clin Oncol
24:2707-14, 2006

44, van den Bent MJ, Carpentier AF, Brandes AA, et al: Adjuvant procarbazine,
lomustine, and vincristine improves progression-free survival but not overall survival in
newly diagnosed anaplastic oligodendrogliomas and oligoastrocytomas: a randomized
European Organisation for Research and Treatment of Cancer phase III trial. J Clin Oncol
24:2715-22, 2006

45, Stummer W, Reulen H-J, Meinel T, et al: Extent of Resection and Survival in
Glioblastoma Multiforme: Identification of and Adjustment for Bias. Neurosurgery 62:564-
576, 2008

46. Jakola AS, Gulati S, Weber C, et al: Postoperative Deterioration in Health
Related Quality of Life as Predictor for Survival in Patients with Glioblastoma: A Prospective
Study. PLoS ONE 6:€28592, 2011

47.  McGirt MJ, Mukherjee DM, Chaichana KL, et al: Association of Surgically
Acquired Motor And Language Deficits on Overall Survival After Resection of Glioblastoma
Multiforme. Neurosurgery 65:463-470, 2009

48.  Giese A, Bjerkvig R, Berens ME, et al: Cost of Migration: Invasion of
Malignant Gliomas and Implications for Treatment. Journal of Clinical Oncology 21:1624-
1636, 2003

49.  Gulati S, Jakola AS, Nerland US, et al: The risk of getting worse: surgically
acquired deficits, perioperative complications, and functional outcomes after primary
resection of glioblastoma. World Neurosurg 76:572-9, 2011

50.  Keles GE, Lamborn KR, Berger MS: Low-grade hemispheric gliomas in
adults: a critical review of extent of resection as a factor influencing outcome. Journal of
Neurosurgery 95:735-745, 2001

51. McGirt MJ, Chaichana KL, Attenello FJ, et al: Extent of surgical resection is
independently associated with survival in patients with hemispheric infiltrating low-grade
gliomas. Neurosurgery 63:700-708, 2008

57



52. Smith JS, Chang EF, Lamborn KR, et al: Role of Extent of Resection in the
Long-Term Outcome of Low-Grade Hemispheric Gliomas. Journal of Clinical Oncology
26:1338-1345, 2008

53.  Seiz M, Freyschlag CF, Schenkel S, et al: Management of Patients With Low-
Grade Gliomas - A Survey Among German Neurosurgical Departments. Cen Eur Neurosurg,
2011

54. Karim ABMF, Maat B, Hatlevoll R, et al: A randomized trial on dose-response
in radiation therapy of low-grade cerebral glioma: European Organization for Research and
Treatment of Cancer (EORTC) study 22844. International Journal of Radiation
Oncology*Biology*Physics 36:549-556, 1996

55.  vanden Bent MJ, Afra D, de Witte O, et al: Long-term efficacy of early versus
delayed radiotherapy for low-grade astrocytoma and oligodendroglioma in adults: the EORTC
22845 randomised trial. The Lancet 366:985-990, 2005

56. Shaw EG, Wisoff JH: Prospective clinical trials of intracranial low-grade
glioma in adults and children. Neuro-Oncology 5:153-160, 2003

57.  Douw L, Klein M, Fagel SSAA, et al: Cognitive and radiological effects of
radiotherapy in patients with low-grade glioma: long-term follow-up. The Lancet Neurology
8:810-818, 2009

58.  Shaw EG, Wang M, Coons SW, et al: Randomized Trial of Radiation Therapy
Plus Procarbazine, Lomustine, and Vincristine Chemotherapy for Supratentorial Adult Low-
Grade Glioma: Initial Results of RTOG 9802. J Clin Oncol 30:3065-70, 2012

59.  Keime-Guibert F, Chinot O, Taillandier L, et al: Radiotherapy for
Glioblastoma in the Elderly. N Engl J Med 356:1527-1535, 2007

60.  Stummer W, Meinel T, Ewelt C, et al: Prospective cohort study of radiotherapy
with concomitant and adjuvant temozolomide chemotherapy for glioblastoma patients with no
or minimal residual enhancing tumor load after surgery. J Neurooncol, 2012

61.  Stummer W, van den Bent MJ, Westphal M: Cytoreductive surgery of
glioblastoma as the key to successful adjuvant therapies: new arguments in an old discussion.
Acta Neurochir (Wien) 153:1211-8, 2011

62.  Gorlia T, Stupp R, Brandes AA, et al: New prognostic factors and calculators
for outcome prediction in patients with recurrent glioblastoma: a pooled analysis of EORTC
Brain Tumour Group phase I and II clinical trials. Eur J Cancer 48:1176-84, 2012

63. Friedman HS, Prados MD, Wen PY, et al: Bevacizumab Alone and in
Combination With Irinotecan in Recurrent Glioblastoma. Journal of Clinical Oncology
27:4733-4740, 2009

64. Vredenburgh JJ, Desjardins A, Herndon JE, et al: Bevacizumab Plus Irinotecan
in Recurrent Glioblastoma Multiforme. Journal of Clinical Oncology 25:4722-4729, 2007

65.  Munson JM, Fried L, Rowson SA, et al: Anti-invasive adjuvant therapy with
imipramine blue enhances chemotherapeutic efficacy against glioma. Sci Transl Med
4:127ra36, 2012

66.  Pallud J, Varlet P, Devaux B, et al: Diffuse low-grade oligodendrogliomas
extend beyond MRI-defined abnormalities. Neurology 74:1724-31, 2010

67.  Rygh O, Selbekk T, Torp S, et al: Comparison of navigated 3D ultrasound
findings with histopathology in subsequent phases of glioblastoma resection. Acta
Neurochirurgica 150:1033-1042, 2008

68.  Dandy WE: Removal of Right Cerebral Hemisphere For Certain Tumors With
Hemiplegia. Journal of the American Medical Association 90:823-825, 1928

69. Kelly PJ, Daumas-Duport C, Kispert DB, et al: Imaging-based stereotaxic
serial biopsies in untreated intracranial glial neoplasms. J Neurosurg 66:865-74, 1987

58



70.  Yordanova YN, Moritz-Gasser S, Duffau H: Awake surgery for WHO Grade 11
gliomas within “noneloquent” areas in the left dominant hemisphere: toward a “supratotal”
resection. Journal of Neurosurgery 115:232-239, 2011

71.  Giese A, Loo MA, Tran N, et al: Dichotomy of astrocytoma migration and
proliferation. Int J Cancer 67:275-82, 1996

72. Berger MS, Deliganis AV, Dobbins J, et al: The effect of extent of resection on
recurrence in patients with low grade cerebral hemisphere gliomas. Cancer 74:1784-1791,
1994

73. Solheim O, Jakola AS, Gulati S, et al: Incidence and causes of perioperative
mortality after primary surgery for intracranial tumors: a national, population-based study.
Journal of Neurosurgery 116:825-834, 2012

74.  Liu CY, Apuzzo ML: The genesis of neurosurgery and the evolution of the
neurosurgical operative environment: part I-prehistory to 2003. Neurosurgery 52:3-19;
discussion 19, 2003

75. Fodstad H, Ljunggren B, Kristiansen K: Vilhelm Magnus--pioneer
neurosurgeon. J Neurosurg 73:317-30, 1990

76.  Cheng J-x, Zhang X, Liu B-L: Health-related quality of life in patients with
high-grade glioma. Neuro Oncol 11:41-50, 2009

77. Liu R, Page M, Solheim K, et al: Quality of life in adults with brain tumors:
Current knowledge and future directions. NEURO ONCOL 11:330-339, 2009

78.  Jakola AS, Unsgard G, Solheim O: Quality of life in patients with intracranial
gliomas: the impact of modern image-guided surgery. J Neurosurg 114:1622-30, 2011

79.  Larsen IK, Smastuen M, Johannesen TB, et al: Data quality at the Cancer
Registry of Norway: an overview of comparability, completeness, validity and timeliness. Eur
J Cancer 45:1218-31, 2009

80. Ware JH, Hamel MB: Pragmatic Trials — Guides to Better Patient Care? New
England Journal of Medicine 364:1685-1687, 2011

81.  McCulloch P, Taylor I, Sasako M, et al: Randomised trials in surgery:
problems and possible solutions. BMJ 324:1448-1451, 2002

82.  The EuroQol Group (1990) EuroQol - a new facility for the measurement of
health-related quality of life. Health Policy 16:199-208

83.  Ertl-Wagner BB, Blume JD, Peck D, et al: Reliability of tumor volume
estimation from MR images in patients with malignant glioma. Results from the American
College of Radiology Imaging Network (ACRIN) 6662 Trial. Eur Radiol 19:599-609, 2009

84. McGirt MJ, Villavicencio AT, Bulsara KR, et al: MRI-guided stereotactic
biopsy in the diagnosis of glioma: comparison of biopsy and surgical resection specimen.
Surgical neurology 59:279-283, 2003

85. Jackson RJ, Fuller GN, Abi-Said D, et al: Limitations of stereotactic biopsy in
the initial management of gliomas. Neuro-Oncology 3:193-200, 2001

86.  Johannesen TB, Langmark F, Lote K: Progress in long-term survival in adult
patients with supratentorial low-grade gliomas: a population-based study of 993 patients in
whom tumors were diagnosed between 1970 and 1993. Journal of Neurosurgery 99:854-862,
2003

87. Bennett H, Godlee R: Hospital for Epilepsy and Paralysis, Regent's Park:
Excision of a Tumour From the Brain The Lancet 124:1090-1091, 1884

88. Bulsara KR, Sukhla S, Nimjee SM: History of bipolar coagulation. Neurosurg
Rev 29:93-6; discussion 96, 2006

89.  Barrett SL, Vella JM, Dellon AL: Historical development of bipolar
coagulation. Microsurgery 30:667-9, 2010

59



90.  Brock M, Ingwersen I, Roggendorf W: Ultrasonic aspiration in neurosurgery.
Neurosurg Rev 7:173-7, 1984

91.  Unsgaard G, Ommedal S, Muller T, et al: Neuronavigation by Intraoperative
Three-dimensional Ultrasound: Initial Experience during Brain Tumor Resection.
Neurosurgery 50:804-812, 2002

92.  Unsgaard G, Selbekk T, Brostrup Miiller T, et al: Ability of navigated 3D
ultrasound to delineate gliomas and metastases — comparison of image interpretations with
histopathology. Acta Neurochirurgica 147:1259-1269, 2005

93. Claus EB, Horlacher A, Hsu L, et al: Survival rates in patients with low-grade
glioma after intraoperative magnetic resonance image guidance. Cancer 103:1227-1233, 2005

94. Senft C, Franz K, Ulrich CT, et al: Low field intraoperative MRI-guided
surgery of gliomas: A single center experience. Clinical Neurology and Neurosurgery
112:237-243, 2009

95. Stummer W, Novotny A, Stepp H, et al: Fluorescence-guided resection of
glioblastoma multiforme utilizing 5-ALA-induced porphyrins: a prospective study in 52
consecutive patients. Journal of Neurosurgery 93:1003-1013, 2000

96. Krieg SM, Shiban E, Droese D, et al: Predictive value and safety of
intraoperative neurophysiological monitoring with motor evoked potentials in glioma surgery.
Neurosurgery 70:1060-70; discussion 1070-1, 2012

97. Duffau H, Gatignol P, Mandonnet E, et al: Intraoperative subcortical
stimulation mapping of language pathways in a consecutive series of 115 patients with Grade
II glioma in the left dominant hemisphere. Journal of Neurosurgery 109:461-471, 2008

98. Yarascavitch BA, Chuback JE, Almenawer SA, et al: Levels of Evidence in the
Neurosurgical Literature: More Tribulations than Trials. Neurosurgery, 2012

99.  Ergina PL, Cook JA, Blazeby JM, et al: Challenges in evaluating surgical
innovation. The Lancet 374:1097-1104, 2009

100. Willems PW, Taphoorn MJ, Burger H, et al: Effectiveness of neuronavigation
in resecting solitary intracerebral contrast-enhancing tumors: a randomized controlled trial. J
Neurosurg 104:360-8, 2006

101.  McCulloch P, Altman DG, Campbell WB, et al: No surgical innovation
without evaluation: the IDEAL recommendations. The Lancet 374:1105-1112, 2009

102. Barkun JS, Aronson JK, Feldman LS, et al: Evaluation and stages of surgical
innovations. The Lancet 374:1089-1096, 2009

103. Ibafiez FAL, Hem S, Ajler P, et al: A New Classification of Complications in
Neurosurgery. World Neurosurgery 75:709-715, 2011

104. Lang FF, Gilbert MR: Diffusely Infiltrative Low-Grade Gliomas in Adults.
Journal of Clinical Oncology 24:1236-1245, 2006

105. van den Bent MJ, Wefel JS, Schiff D, et al: Response assessment in neuro-
oncology (a report of the RANO group): assessment of outcome in trials of diffuse low-grade
gliomas. The Lancet Oncology, 2011

106. Gronningsaeter A, Kleven A, Ommedal S, et al: SonoWand, an Ultrasound-
based Neuronavigation System. Neurosurgery 47:1373-1380, 2000

107.  Saether CA, Torsteinsen M, Torp SH, et al: Did survival improve after the
implementation of intraoperative neuronavigation and 3D ultrasound in glioblastoma surgery?
A retrospective analysis of 192 primary operations. J Neurol Surg A Cent Eur Neurosurg
73:73-8, 2012

108. Kvam AK, Fayers PM, Wisloff F: Responsiveness and minimal important
score differences in quality-of-life questionnaires: a comparison of the EORTC QLQ-C30

60



cancer-specific questionnaire to the generic utility questionnaires EQ-5D and 15D in patients
with multiple myeloma. European Journal of Haematology, 2011

109. Pickard AS, Neary MP, Cella D: Estimation of minimally important
differences in EQ-5D utility and VAS scores in cancer. Health Qual Life Outcomes 5:70,
2007

110.  Walters SJ, Brazier JE: Comparison of the minimally important difference for
two health state utility measures: EQ-5D and SF-6D. Qual Life Res 14:1523-32, 2005

111. Aaronson NK, Ahmedzai S, Bergman B, et al: The European Organization for
Research and Treatment of Cancer QLQ-C30: A Quality-of-Life Instrument for Use in
International Clinical Trials in Oncology. Journal of the National Cancer Institute 85:365-376,
1993

112.  Taphoorn MJB, Claassens L, Aaronson NK, et al: An international validation
study of the EORTC brain cancer module (EORTC QLQ-BN20) for assessing health-related
quality of life and symptoms in brain cancer patients. European Journal of Cancer 46:1033-
1040, 2010

113.  Solheim O, Selbekk T, Jakola AS, et al: Ultrasound-guided operations in
unselected high-grade gliomas—overall results, impact of image quality and patient selection.
Acta Neurochirurgica:1-14, 2010

114.  von Elm E, Altman DG, Egger M, et al: The Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) statement: guidelines for reporting
observational studies. The Lancet 370:1453-1457, 2007

115. Charlson M, Szatrowski TP, Peterson J, et al: Validation of a combined
comorbidity index. Journal of Clinical Epidemiology 47:1245-1251, 1994

116. De Witt Hamer PC, Gil Robles S, Zwinderman AH, et al: Impact of
Intraoperative Stimulation Brain Mapping on Glioma Surgery Outcome: A Meta-Analysis. J
Clin Oncol, 2012

117. Ronning PA, Helseth E, Meling TR, et al: A population-based study on the
effect of temozolomide in the treatment of glioblastoma multiforme. Neuro Oncol 14:1178-
84,2012

118. Mosenthal AC, Lavery RF, Addis M, et al: Isolated Traumatic Brain Injury:
Age Is an Independent Predictor of Mortality and Early Outcome. The Journal of Trauma and
Acute Care Surgery 52:907-911, 2002

119.  Predicting outcome after traumatic brain injury: practical prognostic models
based on large cohort of international patients. BMJ 336:425-429, 2008

120. Bruce J, Russell EM, Mollison J, et al: The measurement and monitoring of
surgical adverse events. Health Technol Assess 5:1-194, 2001

121.  Satoer D, Vork J, Visch-Brink E, et al: Cognitive functioning early after
surgery of gliomas in eloquent areas. Journal of Neurosurgery 117:831-838, 2012

122. Talacchi A, Santini B, Savazzi S, et al: Cognitive effects of tumour and
surgical treatment in glioma patients. J Neurooncol 103:541-9, 2011

123. Jakola AS, Unsgérd G, Myrmel KS, et al: Low Grade Gliomas in Eloquent
Locations — Implications for Surgical Strategy, Survival and Long Term Quality of Life.
PLoS ONE 7:¢51450, 2012

124.  Gulati S, Berntsen EM, Solheim O, et al: Surgical Resection of High-grade
Gliomas in Eloquent Regions Guided by Blood Oxygenation Level Dependent Functional
Magnetic Resonance Imaging, Diffusion Tensor Tractography, and Intraoperative Navigated
3D Ultrasound. Minim Invasive Neurosurg 52:17-24, 2009

125. Unsgaard G, Rygh OM, Selbekk T, et al: Intra-operative 3D ultrasound in
neurosurgery. Acta Neurochirurgica 148:235-253, 2006

61



126.  Duffau H: Awake surgery for incidental WHO grade II gliomas involving
eloquent areas. Acta Neurochirurgica:1-10, 2011

127.  EyupogluIY, Hore N, Savaskan NE, et al: Improving the extent of malignant
glioma resection by dual intraoperative visualization approach. PLoS ONE 7:¢44885, 2012

128. Steno A, Karlik M, Mendel P, et al: Navigated three-dimensional
intraoperative ultrasound-guided awake resection of low-grade glioma partially infiltrating
optic radiation. Acta Neurochir (Wien) 154:1255-62, 2012

129.  Aaronson NK, Taphoorn MJB, Heimans JJ, et al: Compromised Health-
Related Quality of Life in Patients With Low-Grade Glioma. Journal of Clinical Oncology,
2011

130. Lovblad KO, Laubach HJ, Baird AE, et al: Clinical experience with diffusion-
weighted MR in patients with acute stroke. American Journal of Neuroradiology 19:1061-6,
1998

131.  Schaefer PW, Hunter GJ, He J, et al: Predicting Cerebral Ischemic Infarct
Volume with Diffusion and Perfusion MR Imaging. American Journal of Neuroradiology
23:1785-1794, 2002

132.  Wong JM, Panchmatia JR, Ziewacz JE, et al: Patterns in neurosurgical adverse
events: intracranial neoplasm surgery. Neurosurg Focus 33:E16, 2012

133.  Pouratian N, Bookheimer SY: The reliability of neuroanatomy as a predictor of
eloquence: a review. Neurosurg Focus 28:E3, 2010

134.  Wood JM, Kundu B, Utter A, et al: Impact of brain tumor location on
morbidity and mortality: a retrospective functional MR imaging study. AJNR Am J
Neuroradiol 32:1420-5, 2011

135.  Kelly PJ: Technology in the resection of gliomas and the definition of
madness. Journal of Neurosurgery 101:284-286, 2004

136. Lacroix M, Abi-Said D, Fourney DR, et al: A multivariate analysis of 416
patients with glioblastoma multiforme: prognosis, extent of resection, and survival. Journal of
Neurosurgery 95:190-198, 2001

137. Sanai N, Polley M-Y, McDermott MW, et al: An extent of resection threshold
for newly diagnosed glioblastomas. Journal of Neurosurgery 0:1-6, 2011

138.  Solheim O, Jakola AS, Gulati S, et al: Letter to the editor: Glioblastoma
resection. Journal of Neurosurgery 0:1-3, 2012

139. Brott T, Adams HP, Jr., Olinger CP, et al: Measurements of acute cerebral
infarction: a clinical examination scale. Stroke 20:864-70, 1989

62



Papers

BNTNU

100 skapende ar

63









Is not included due to copyright









Is not included due to copyright






Paper 111






’ PLoS @ne

OPEN a ACCESS Freely available online

Postoperative Deterioration in Health Related Quality of
Life as Predictor for Survival in Patients with
Glioblastoma: A Prospective Study

Asgeir S. Jakola"*3*, Sasha Gulati'?, Clemens Weber', Geirmund Unsgard'3, Ole Solheim'?%3

1 Department of Neurosurgery, St.Olavs University Hospital, Trondheim, Norway, 2 Medical Imaging Lab and Department of Circulation and Medical Imaging, Norwegian
University of Science and Technology, Trondheim, Norway, 3 Department of Neuroscience, Norwegian University of Science and Technology, Trondheim, Norway,
4 Department of Laboratory Medicine, Children’s and Women'’s Health, Norwegian University of Science and Technology, Trondheim, Norway

Abstract

Background: Studies indicate that acquired deficits negatively affect patients’ self-reported health related quality of life
(HRQOL) and survival, but the impact of HRQOL deterioration after surgery on survival has not been explored.

Objective: Assess if change in HRQOL after surgery is a predictor for survival in patients with glioblastoma.

Methods: Sixty-one patients with glioblastoma were included. The majority of patients (n =56, 91.8%) were operated using
a neuronavigation system which utilizes 3D preoperative MRI and updated intraoperative 3D ultrasound volumes to guide
resection. HRQOL was assessed using EuroQol 5D (EQ-5D), a generic instrument. HRQOL data were collected 1-3 days
preoperatively and after 6 weeks. The mean change in EQ-5D index was —0.05 (95% Cl —0.15-0.05) 6 weeks after surgery
(p=0.285). There were 30 patients (49.2%) reporting deterioration 6 weeks after surgery. In a Cox multivariate survival
analysis we evaluated deterioration in HRQOL after surgery together with established risk factors (age, preoperative
condition, radiotherapy, temozolomide and extent of resection).

Results: There were significant independent associations between survival and use of temozolomide (HR 0.30, p=0.019),
radiotherapy (HR 0.26, p=0.030), and deterioration in HRQOL after surgery (HR 2.02, p=0.045). Inclusion of surgically
acquired deficits in the model did not alter the conclusion.

Conclusion: Early deterioration in HRQOL after surgery is independently and markedly associated with impaired survival in
patients with glioblastoma. Deterioration in patient reported HRQOL after surgery is a meaningful outcome in surgical
neuro-oncology, as the measure reflects both the burden of symptoms and treatment hazards and is linked to overall
survival.
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The combination of this ultimately fatal disease with the delicate
balance between potential effect and hazards of surgery makes

Introduction

Surgical studies in patients with glioblastoma have focused
much on resection grades and maximal safe resection is usually
advocated. However, measurements of both extents of resection
and safety vary between studies and there are few controlled trials.

patients’ perioperative HRQOL of particular interest. However,
the impact of glioblastoma surgery on patient reported outcomes
has not been explored much [6]. We have earlier described

Due to non-uniform inclusion criteria and assessments of
outcomes, direct comparison of results and techniques are difficult,
if not impossible [1]. Nevertheless, it seems like resections need to
be extensive to improve survival, but the resection grade threshold
for a probable clinical benefit remains debated [2—4]. Safety is less
often assessed and there is no uniform and accepted method for
reporting of adverse events in surgical trials [5]. Often clinicians or
operating surgeons report clinical outcomes in gross functional
scales with a potential of assessment and interest bias.

@ PLoS ONE | www.plosone.org

possible predictors of HRQOL in patients undergoing glioma
surgery. The study clearly demonstrated the devastating effect of
acquired deficits on patient reported HRQOL [7]. A recent paper
found that surgical acquired deficits may be associated with
decreased survival as well [8], but the possible impact of
postoperative loss of HRQOL on survival has not been explored.

In the present prospective study we aimed to assess if changes in
HRQOL after surgery added any prognostic information to the
already established risk factors.
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Materials and Methods

Ethics statement

All patients included have given their written and informed
consent. The Data Inspectorate in Norway approved registration
and management of data. The study was approved by the
Regional Ethical Committee for Health Region Mid-Norway.

Methods

Study subjects were recruited from patients aged =18 years
admitted to our department for scheduled brain tumor surgery, in
the period from January 2007 through December 2010. Patients
were followed until death or until May 15", 2011. Survival was
calculated from the date of surgery. Only patients with
histopathological confirmed glioblastoma according to the WHO
classification were included in this study. Patients provided written
informed consent and filled out the EuroQol 5D (EQ-5D)
questionnaire 1-3 days before surgery. A study nurse scored
preoperative Karnofsky Performance Status (KPS) on admission.
Patient follow-up by a study nurse was scheduled at 6 weeks
(median time to follow up: 47 days) after surgery. We decided to
use 6 weeks to allow for some recovery from transient surgically
induced deficits. In addition, few patients experience significant
tumor progression in this time frame. At this time point some
patients may have started adjuvant therapy and this could
influence the HRQOL, however this is expected to be the same
between the groups and therefore unlikely to influence the results.
Adverse effects are also quite rare during the initiating phase of
adjuvant radiotherapy and/or concomitant temozolomide treat-
ment. Structured interviews were used to assess HRQOL (EQ-5D)
using the same questionnaire as preoperatively. The patients were
also interviewed about possible complications, acquired and/or
worsened deficits (motor, language, vision, unsteadiness and other)
and altered mental functions (memory, personality and other)
experienced after the procedure. Only patients with complete
HRQOL data were included in the analyses. Tumor volumes and
resection grades were determined from preoperative and early
postoperative MRI volumes using an ellipsoid model (4J1x1”/3), as
described by others [9]. Gross total resection (GTR) was defined as
no visible contrast enhancing tumor tissue on the early
(<72 hours) postoperative 1.5 T or 3.0 T MRI scans.

Study population

Sixty-seven patients with glioblastoma were included from
baseline, but 6 (9.0%) patients did not complete the EQ-5D
questionnaire after surgery. All patients who did not respond were
dead at last follow-up. Three were lost to follow-up as they were
alrecady dead or in a terminal condition at 6 wecks, whereas the
other three patients who were lost to follow- up lived for a median
30 weeks. The only in-hospital registered complication among
these six patients was seizures in one patient who had no seizures
preoperatively.  Median preoperative HRQOL for these six
patients was 0.59 (range 0.27-0.74).

Sixty-one patients had complete EQ-5D forms before and after
surgery and were included in the analyses. Clinical characteristics
are presented in Table 1. The mean age of included patients was
58 years (range 26-81) and 29 (47.5%) were female. The median
preoperative KPS was 80 and 84.7% were functionally indepen-
dent (KPS 70-100). Thirty eight (62.3%) of the operations were
primary and 23 (37.7%) were reoperations.

Surgical procedure

All operations were performed under general anesthesia. The
SonoWand® neuronavigation system was available if requested by

@ PLoS ONE | www.plosone.org
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Table 1. Clinical characteristics of the patient population.

Clinical characteristics No. (%)

Age (mean, range) 58 years (28-81)

Female 29 (47.5)
Preoperative KPS? (median, range) 80 (50-100)
Assumed eloquentb 33 (54.1)
Primary operation 38 (62.3)
Tumor volume (median, range) 18.4 cm? (1.1-233.5)
Gross total resection 24 (39.3)
Radiotherapy (now or prior) 56 (91.8)
Temozolomide (now or prior) 46 (75.4)
Acquired neurological deficits 23 (37.7)
Complications 15 (24.6)
Complications leading to reoperation 2(3.3)

KPS, Karnofsky Performance Status.

PEloquence is here defined as grade Il and grade Il according to the definition
by Sawaya et al. [37].

doi:10.1371/journal.pone.0028592.t001

the surgeon and was used in 56 (91.8%) of the operations. The
system utilizes 3D preoperative MRI and updated intraoperative
3D ultrasound volumes to guide resection [10]. In eloquent lesions
functional neuronavigation was incorporated utilizing a method
described in detail earlier [11,12]. Functional MRI and diffusion
tensor imaging data was incorporated into the system in 19
(31.1%) and 23 (37.7%) of the operations respectively. Sixty
(98.4%) of the 61 included patients underwent craniotomy and
tumor resection. One patient underwent biopsy only. The median
preoperative  tumor volume was 18.4 cm” and the median
resection grade was 96.3% with GTR achieved in 24 (39.3%) of
the patients.

The EuroQol 5D

EQ-5D is a generic (not developed for any specific patient
group) and preference-weighted measure of HRQOL [13]. The
questionnaire has been applied to a wide range of health
conditions and treatments as well as population based health
surveys [14,15]. There are many different instruments available
for researchers interested in assessing HRQOL. We chose to use
EQ-5D due to the simplicity of the instrument, to enhance patient
perception and perhaps also compliance. Generic instruments
such as EQ-5D lack disease specific questions that may be relevant
to the patient group (e.g. cognitive functions). Generic instruments
may therefore lack sensitivity to measure small benefits or negative
consequences of surgery. However, we have earlier demonstrated
that EQ-5D shows good correlation to KPS in patients with
gliomas and is responsive to new neurological deficit which is
highly relevant in this patient group. Also, compared to KPS it
offers a more nuanced picture with respect to change after surgery.
Since KPS only measures one physical dimension of HRQOL it is
insensitive to changes in other dimensions [7]. Another important
difference between EQ-5D and KPS is that the latter most often is
reported by the physician whereas the former is a patient reported
outcome. The EQ-5D has been validated in a Norwegian normal
population [16], but so far not in glioma patients. In EQ-5D, five
dimensions of HRQOL are scored; mobility, self-care, usual
activities, pain/discomfort and anxiety/depression with 3 possible
answers to each dimension, i.e ‘no problem’, slight problem’ or
‘major problem’. This results in the 243 different possible health
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states which are transformed into a single index value based on a
large survey in the UK population [17]. EQ-5D index value is
from —0.594 to 1, where 1 corresponds to perfect health, and 0 to
death. Negative values are considered to be worse than death. To
provide examples a patient scoring 2, 1, 1, 1, and 2 receives a score
of 0.78, while a patient scoring 2, 3, 3, 2 and 2 receives a score of
0.08. A visual analogue scale where patients rate their current
health state on a line ranging from 0100 (worst to best imaginable
health) forms the second part of the EuroQol questionnaire. In this
study only the index value was assessed.

Statistics

All analyses were done with the PASW statistics, version 18.0.
Statistical significance level was set to P<<0.05. Q-Q plots were
used to test for normal distribution of data. Central tendencies are
presented as means if data is normally distributed and as medians
when skewed. When analyzing changes in EQ-5D (e.g. before and
after surgery) paired sample t-test was used. For comparison of
groups with skewed distribution we utilized Mann-Whitney U test.
For binominal data we used Pearson’s chi square test.

In the Cox multivariate survival analysis the variables were
chosen on the basis of current evidence. The most consistent factors
affecting survival in patients with glioblastoma are age [18] and
preoperative functional status, usually evaluated with Karnofsky
Performance Status (KPS) [19,20]. High quality evidence for the
efficacy for adjuvant treatment with radiotherapy and temozolo-
mide in selected patients is now available [21,22]. There is also
growing evidence suggesting that achieving gross total resection
improves survival [2,23]. We performed univariate analyses for
cach risk factor and included all in the multivariate model. The Cox
multivariate model included the following variables: Age (linear),
extent of resection (linear), radiation (yes, no), temozolomide (yes,
no), preoperative Karnofsky (linear) and deterioration in patient
reported HRQOL (yes/no). We are aware that use of linear data is
preferable for statistical reasons (no loss of information), but
dichotomizing variables makes clinical interpretation easier,
especially when scores consist of several summarized variables,
making the immediate interpretation of a number less intuitive. For
radiation and temozolomide “yes” indicates that the treatment has
been provided at any time during the course of the disease.

Results

HRQOL evaluated with EQ-5D

The mean preoperative EQ-5D index was 0.67 compared to
0.62 postoperatively. The mean decline of —0.05 (95% CI —0.15—
0.05) is a non-significant change (p=0.285). There was a wide
range in the difference (—0.96 to 0.87) after surgery. There were
30 patients (49.2%) who reported a deterioration 6 weeks after
surgery while 9 (14.8%) were unchanged and 22 (36.1%) reported
improved HRQOL. Treatment and outcome characteristics
comparing the patients with deterioration in HRQOL with the
others are presented in Table 2. Patients who reported
deterioration in HRQOL had EQ-5D index 0.41 postoperatively
as compared to 0.81 in their counterparts (p<<0.001). The group of
patients who experienced a deterioration in HRQOL after surgery
(n=30) more often had acquired deficits (p =0.017). There was
also a trend for better HRQOL preoperatively (p=0.051),
although not statistically significant.

Survival

At the end of follow up 22 patients (36%) were still alive.
Median survival was 64 weeks (95% CI 44-84) and a survival
curve is presented in Figure 1.

@ PLoS ONE | www.plosone.org
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In a Cox multivariate survival analysis we evaluated the impact
of the established risk factors together with deterioration in
HRQOL. The results are presented in Table 3 and Figure 2A, 2B
and 2C. There were independent associations between survival
and use of temozolomide (HR 0.30, p=0.019, Figure 2A),
radiation therapy (HR 0.26, p=0.030, Figure 2B), and deterio-
ration in HRQOL after surgery (HR 2.02, p =0.045, Figure 2C).
Patients with deterioration in HRQOL more often died during the
first six months following surgery (T'Yable 2, p=0.017). Preoper-
ative KPS or surgical extent of resection did not reach statistical
significance. Using KPS as a dichotomous variable (KPS=70) or
categorical values for extent of resection (gross total, subtotal and
biopsy) did not change the conclusion. Inclusion of surgically
acquired deficits in the model did not alter the conclusion either,
and actually strengthened the association between deterioration in
HRQOL after surgery with overall survival (HR 2.4, p=0.022).
Since requested in the review process, primary and redo
operations were analyzed separately. Ad-hoc testing verified that
temozolomide and radiation therapy were statistically significant
predictors (p<<0.05) when the 38 primary operations were
analyzed separately. Deterioration in HRQOL did not reach
statistical significance (HR 2.9, p = 0.05). No statistically significant
predictor was found when analyzing the 23
separately.

reoperations

Discussion

In this prospective follow-up study of 61 glioblastoma patients
we found that deterioration in HRQOL early after surgery seems
to be an independent negative prognostic factor for survival.
Deterioration in HRQOL occurs in about half of the patients
despite the use of modern image guided surgery. The effect of
deteriorating HRQOL was independent of the established risk
factors, such as age, extent of resection, preoperative functional
status (KPS), and adjuvant treatment. The difference in survival
appears to be due to a difference in early mortality. A decline in
HRQOL in the early postoperative phase may be suggestive a
rapidly growing lesion or perhaps negative effects from surgery. It
has been reported that acquired deficits can be associated with
both suboptimal adjuvant therapy [5] and reduced survival [8].
Still, we found that the negative impact of lost HRQOL remained
significant after adjustment for reported acquired neurologic
deficits. Our findings indicate that evaluation of the patients’
perception of own health may be of high prognostic value. If so,
this may allow for new and interesting outcome measures in
glioblastoma surgery that reflect the biology of the disease, the tolls
and the benefits from surgery, while maintaining the relevance for
overall survival. HRQOL measures allow for comparisons across
studies and techniques while avoiding the potential bias associated
with surgeons’ evaluation of own results.

Overall survival is considered the gold standard when
evaluating treatment of glioblastoma and its role is indisputable.
However as survival benefits from surgery can be modest, survival
as study end-point may require multicentre inclusion and years of
recruitment to avoid a statistical power shortage, as experienced in
the 5-ALA study [9]. Further, this measure can be quite unspecific
in a surgical setting as it reflects the results from non-surgical
interventions as well. Progression free survival (PFS) may be used
instead as in the 5-ALA-study [9], but the definitions vary and
interpretation is problematic [24]. Pseudoprogression occurs in
approximately 20% and this makes a pure imaging based outcome
unreliable [25]. There may be contrast enhancement due to the
treatment itself which can be impossible to distinguish from
recurrent disease [24]. Another problem is pseudoresponses, seen
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Table 2. Comparisons of treatment related factors and outcome among patients experiencing deterioration in HRQOL after
surgery with patients with equal or better HRQOL after surgery.?

Deterioration in HRQOL

(n=30) Equal or improved HRQOL (n=31) P-value
Primary operation® 17 (56.6%) 21 (67.7%) 0.375
KPS (median) preop® 80 920 0.586
Tumor volume (median) 24.1 cm?® 15.9 cm® 0322
Extent of resection (median)® 95.1% 96.5% 0.715
Gross total resection® 11 (36.7%) 13 (41.2%) 0.532
Complication® 8 (26.7%) 7 (22.6%) 0.401
New/worse deficit® 16 (53.3%) 7 (22.6%) 0.017
EQ-5D index (mean) preop® 0.75 0.59 0.051
EQ-5D index (mean) postopd 0.41 0.81 <0.001
Deaths in month 0-6° 11 (36.7%) 3 (9.7%) 0.012
Deaths in month 7-12° 6 (20.0%) 5 (16.1%) 0.694
Deaths >12 months® 6 (20.0%) 8 (25.8%) 0.590
Total deaths in follow upb 23 (76.7%) 16 (51.6%) 0.042

bPearson chi-square.

“Mann-Whitney U test.

dIndependent sample t-test.
doi:10.1371/journal.pone.0028592.t002

with antiangiogenic agents where the disappearance of contrast
enhancement is not necessarily related a clinical response [24,26].
However, the dynamics of tumor progression, the speed of growth,
and patterns of growth may be of prognostic importance if a
reliable measure becomes available.

Extensive resections are advocated by numerous studies due to
the association with improved survival. The association seems

0.4

Cumulative survival

0.0

T T T T T T T T
0 26 52 78 104 130 156 182 208

Swrvival in weeks

Figure 1. Overall survival in the cohort (n=61) presented in a
survival plot.
doi:10.1371/journal.pone.0028592.g001
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°HRQOL, health related quality of life; KPS, Karnofsky Performance Status; p<<0.05 is considered significant.

logical, but it is difficult to differentiate the efficacy of treatments
from treatment selection as most studies are neither randomized,
controlled nor prospective [4,23,27]. As mentioned earlier,
differences in patient selection are obstacles for meaningful
comparisons between institutions and techniques. Lastly, with
the exception of the 5-ALA study [9] most studies are not even
designed to evaluate the efficacy of surgical treatment. The present
study does not indicate that extensive resection negatively affects
HRQOL in itself, but it indicates that there is serious potential for
harm in surgical treatment of glioblastomas. We believe careful
therapeutic considerations should be made in cases where safe
gross total resection seems unlikely as the risk might outweigh the
benefit.

These common end-points all have drawbacks which can be
problematic for meaningful clinical interpretation. Since the
prognosis with respect to survival remains unfavorable despite
maximal therapeutic efforts, measuring patients’ quality of survival
is an important supplement [6]. We believe HRQOL adds useful
information both for clinical use and research. Met with the
individual patients, neurosurgeons should take into account the
potential hazards of surgery on patients’ HRQOL and carefully
weigh this up against the likelihood of a survival benefit. Perhaps
the patients’ subjective HRQOL reflects the dynamics of their
disease of prognostic importance, although difficult to quantify
even in serial MRI scans. HRQOL reflects both the burden of
treatment and the severity of the disease and together with the
association to overall we believe that deterioration in HRQOL, or
deterioration free survival after surgery, can be a meaningful
endpoint in surgical trials in neuro-oncology.

In demonstrating prognostic potential of self reported HRQOL
we are in line with earlier studies [28-31]. However, we are not
aware of any other study assessing the prognostic effect of
HRQOL where baseline scores are collected preoperatively.
Other neuro-oncological studies evaluating HRQOL and survival
are usually in the setting of medical clinical trials using initiation of
chemotherapy or radiotherapy as baseline [29-32]. This neglects
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Table 3. Cox multivariate regression.?

Survival after Postoperative Loss of Health

HR univariate P-value ;tltivariate P-value 95% Cl for multivariate HR
Lower Upper
Age 1.04 0.023 1.00 0.990 0.97 1.03
EOR 0.99 0.176 0.99 0.403 0.97 1.00
Radiotherapy 0.12 <0.001 0.26 0.030 0.08 0.88
Temozolomide 0.20 <0.001 0.30 0.019 0.11 0.82
KPS preoperative 0.98 0.083 0.99 0.325 0.96 1.01
HRQOL deterioration 2.1 0.022 2.02 0.045 1.02 4.00

weeks after surgery were independently associated with overall survival.

significant.
doi:10.1371/journal.pone.0028592.t003

the potential effect and hazards of surgery which undoubtedly is
the most invasive form of treatment in patients with glioblastoma.

Patients may perceive their health and HRQOL differently with
regards to sex, tumor location and histopathology [6,7]. Therefore
it is difficult to find an optimal cut-off-value with clinical
significance, and searching for a so called “best cut-off”” may be
somewhat dubious and increase the risk for false positive findings
[33]. Utilizing changes instead of absolute values seems clinically
more useful in individual patients. This approach takes individual
differences into consideration as patients are their own controls.
This approach may reduce the problems mentioned above.
However, interpreting changes in HRQOL is not necessarily
straightforward. Changes should be evaluated as clinically
meaningful rather than simply statistically significant. This can
be achieved by anchoring HRQOL to therapy, changes with
disease progression or life events [34].

EQ-5D, a generic HRQOL measure, shows good correlation
with traditional outcome measures [7], and in this study it also
demonstrates an association with hard clinical end-points. Thus it
is seemingly a valuable tool in assessing HRQOL in patients with
glioblastoma. Despite potential shortcomings of generic instru-
ments, we are convinced that patient related outcomes with a
validated questionnaire are interesting, valuable, and perhaps less
biased adjuncts to traditional physician rated outcome measures.
The use of EQ-5D for the entire glioblastoma patient population
should be subject of further studies i.e. defining minimal important

All variables included in the model are presented both for univariate and multivariate analyses. Radiotherapy, use of temozolomide and deterioration in quality of life 6

2EOR, extent of resection; KPS, Karnofsky Performance Status; HRQOL, health related quality of life; HR, hazard ratio; Cl, confidence interval; p<<0.05 is considered

change or measuring HRQOL at multiple time points to better
understand the HRQOL throughout the course of the disease.
However, we would insist on using a preoperative evaluation as
baseline to avoid loss of important information.

The relative high number of complications and acquired deficits
in our patients are most likely explained by the assessment method
used. All adverse events were patient reported, including
uncommon outcome parameters used in the neurosurgical
literature, namely memory difficulties, unsteadiness and personal-
ity changes. When using a more common method of assessment
we have reported complications in 21%
functional outcome in 13% in a consecutive, unselected series in
patients with high grade gliomas [1]. Comparing adverse events
between studies is difficult due to different inclusion criteria and
the lack of a standardized way of reporting [5]. With this in mind
we believe these findings are comparable to a large study where
34% of patients experienced perioperative complications and
9.9% displayed worsened neurological status within 3 weeks after
primary craniotomy for malignant glioma [35]. For the future we
would encourage researches to use one standard way of reporting
since this would facilitate meaningful comparisons, i.e. using the
system for neurosurgical patients recently described [36].

Our study has several limitations. The patients included
represent an unsystematic selection that may not be representative
for the entire population of patients with glioblastoma. We believe
the lost-to follow-up rate of 9% is low. How these lost-to-follow-
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Figure 2. Survival curves for the independent predictors presented in Table 3.

doi:10.1371/journal.pone.0028592.g002
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ups would have affected the results remains speculative, but as
three were dead or in a terminal condition, it is reasonable to
believe their HRQOL had deteriorated as well and further
strengthened the association. Adjuvant treatment (yes/no) was
included in the Cox regression model in spite of the risk of
survivorship effect overestimating the actual effect of the
intervention. A case-mix with 37.7% reoperated patients where
most had already received adjuvant treatment could possibly lead
to underestimation of the effect of adjuvant treatment. Although
the effect of lost HRQOL seems independent of given adjuvant
treatment, details of treatment protocols were not studied. We
therefore advise to interpret the effects of adjuvant therapy in this
study with some caution. Results from the ad-hoc analyses for
primary operations and reoperations separately, as requested in
the review process, may likely be due to type II errors and should
not alter the interpretation of the study. They suggest that the
findings in this study may be more representative for primary
operations than for reoperations, but this finding needs to be
verified in a larger study. Finally, the statistical method used in
creating a dichotomous variable (worse HRQOL: yes/no) from a
single variable is associated with an increase in false positive
findings [33]. However the cut-off chosen is not created on the
basis of finding the “optimal” cut-off, but out of logic and what we
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thought would be of clinical relevance. Another important
statistical culprit is the floor-ceiling effect since patients in a good
preoperative condition can only become worse and vice versa.

Conclusion

Balancing risks with potential survival benefit and clinical
improvement is the key in surgical treatment of patients with
glioblastoma. Resection grades, overall survival, and PFS are
much used outcome parameters in surgical research, but they offer
no information on quality of survival. In this study we have
demonstrated that early deterioration in HRQOL after surgery is
independently and markedly associated with impaired survival.
Deterioration in patient reported HRQOL after surgery is a
meaningful outcome in surgical neuro-oncology as HRQOL
reflects the burden of symptoms, the treatment hazards and is
linked to survival.
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