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Abstract

Introduction The extent of meningioma resection is the most fundamental risk factor for recurrence, and exact knowledge
of extent of resection is necessary for prognostication and for planning of adjuvant treatment. Currently used classifications
are the EANO-grading and the Simpson grading. The former comprises radiological imaging with contrast-enhanced MRI
and differentiation between “gross total removal” and “subtotal removal,” while the latter comprises a five-tiered differentia-
tion of the surgeon’s impression of the extent of resection. The extent of resection of tumors is usually defined via analyses
of resection margins but has until now not been implemented for meningiomas. PET/MRI imaging with %Ga-DOTATOC
allows more sensitive and specific imaging than MRI following surgery of meningiomas.

Objective To develop an objective grading system based on microscopic analyses of resection margins and sensitive radio-
logical analyses to improve management of follow-up, adjuvant therapy, and prognostication of meningiomas. Based on
the rationale of resection-margin analyses as gold standard and superior imaging performance of ®*Ga DOTATOC PET, we
propose “Copenhagen Grading” for meningiomas.

Results Copenhagen Grading was described for six pilot patients with examples of positive and negative findings on histo-
pathology and DOTATOC PET scanning. The grading could be traceably implemented and parameters of grading appeared
complementary. Copenhagen Grading is prospectively implemented as a clinical standard at Rigshospitalet, Copenhagen.
Conclusion Copenhagen Grading provided a comprehensive, logical, and reproducible definition of the extent of resection. It
offers promise to be the most sensitive and specific imaging modality available for meningiomas. Clinical and cost-efficacy
remain to be established during prospective implementation.
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Introduction

Meningioma has become the most common brain tumor
[31] and management options that range from dismissal of
incidental findings over follow-up with wait and scan [17]
to aggressive surgery are repeatedly discussed [25]. A major
determinant of the best strategy is long-term tumor control
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[19, 20, 26]. Studies with long-term follow-up reveal a dis-
turbingly high recurrence rate after surgery even if apparent
gross total removal was achieved [2, 8, 15, 16, 24, 30, 33,
39]. Recurrence of a previously operated tumor is an undis-
putable evidence that some tumor cells were left behind
and have grown. Time to recurrence varies with biological
qualities of a tumor [29], but the actual risk of recurrence
is binary. The tumor can recur if neoplastic cells are left
behind and not treated, while a completely removed tumor
without remaining cells cannot recur. Meningiomas com-
prise a well-demarcated tumor, yet meningioma cells invade
adjacent mesenchymal tissues and a macroscopically evident
tumor border does not necessarily allow identification and
removal of all neoplastic cells. Intraoperative or radiological
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visualization of individual tumor cells is not feasible; hence,
surgery and definition of extent of resection (EOR) must
depend on indirect measurement and proxy parameters
of EOR. For systemic cancers, surgeons typically rely on
pathology examinations of resection margins which provides
a reproducible assessment of EOR which is reliable enough
to allow stratification of adjuvant treatment and follow-up
[10, 11, 13]. This classification has not been practical for
meningiomas, since growth patterns may disagree with fea-
sibility of harvesting tissue for analyses of resection margins
and, moreover, because histopathology may be insufficient to
distinguish between normal and neoplastic meningeal cells
[9].

For meningiomas, EOR has instead relied on two different
approaches and variations thereof. The classic description
of EOR is a structured report of the surgeon’s assessment
of whether tumor has been biopsied, subtotally removed,
completely removed, or completely removed with addi-
tional management of proposed dural and bone invasion as
described by Simpson in 1957 [39]. The alternative approach
is postoperative MRI imaging as described in EANO guide-
lines [14]. The surgeon’s intraoperative assessment lacks
objectively verifiable criteria and does not allow an estimate
of microscopic residual cells after completed surgery [37].
A radiological assessment is not sensitive enough to rule
out residual tumor masses [40]. Spatial resolution of MRI
imaging can leave residual tumors with up to 1,000,000 cells
undetectable. Moreover, MRI imaging is not specific. Sur-
gery commonly leads to tissue reactions and scarring with
contrast enhancement that may be impossible to differentiate
from tumor on an MRI image.

An updated agreement regarding how to report the extent
of meningioma resection is warranted, as also concluded by
arecent RANO review [34].

Yet, immunohistochemistry has developed to improve
diagnosis of meningioma and imaging with PET for soma-
tostatin receptors, almost exclusively expressed by tumor
cells in patients with meningioma, provide superior sensi-
tivity and specificity compared to contrast enhanced MRI
[3-5,27].

There is a need for a traceable and reproducible sys-
tem to describe extent of resection for meningiomas
[37]. We propose use of a combination of the most sen-
sitive and specific imaging modality paired with optimal
immunohistochemistry.

This technical note aims to describe a novel grading sys-
tem that combines analyses of resection margins and PET
imaging of somatostatin receptors. The note comprises a
proposal for the system and a user’s guide. Herein, we pre-
sent our grading system and show the application our first
six patients as a proposal to wide implementation of Copen-
hagen Grading for maximally traceable reporting of extent
of resection of meningiomas.
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Methods

Copenhagen Grading was designed to describe presence
or absence of residual meningioma tissue after surgery by
combining imaging and histology for tumors suspected to
be meningiomas from pre-surgical scanning and confirmed
by intraoperative analysis of frozen tissue. The classification
combines results of immunohistochemistry from surgical
biopsies and DOTATOC-PET scanning at follow-up after 3
months. Copenhagen Grading is organically implemented,
and we have proposed a preliminary follow-up algorithm
which is to be evaluated and adapted during continuous fol-
low-up of included patients. Clinical data is prospectively
recorded for evaluation and adaption during implementation.

Surgical biopsies

After as complete a resection as feasible, biopsies are
taken from 4 different quadrants of the resection margin,
marked and sent to pathology at the conclusion of sur-
gery. Alternatively, a complete strip of dura surrounding
the tumor can be sent separately if feasible (marked as
“complete resection margin”). A conscious effort is made
to include any area where the surgeon is least confident
to have removed all tumor tissue. For intraventricular
and posterior third ventricular meningiomas, biopsies are
obtained from resection margins of the choroid plexus
depending on the symmetry of the attachment. “Area of
doubt” resembles areas outside the resection margin where
the surgeon might suspect residual tumor cells, i.e., dura
or bony structures. These sites are biopsied and marked as
“area of doubt (AOD)” (Figs. 1, 2, 3 and 4).

The grade is 0 if the margins or any “areas of doubt” are
free and 1 if the margins or any “areas of doubt” contain
meningioma cells by routine histology plus immunohisto-
chemistry for EMA and SSTR?2 if needed for differential
diagnostics[9].

Brain invasion is automatically considered “Copenha-
gen grade 1.”

It is optional to add molecular analyses of the tumor-
specific signature if immuno-histopathology or histopa-
thology remains equivocal.

Imaging

At 3 months after surgery, routine radiological follow-up
is undertaken with MRI or CT and ®*Ga-DOTATOC-PET
CT or MRI22, depending on available spatial resolution
of scanners. The grade is 0 if there is no detectable tumor
and 1 if the images reveal a specific ®®Ga-signal.
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The Copenhagen Grade

The Copenhagen Grade is thus a combination of histopathol-
ogy (0 or 1) and radiological imaging (0 or 1). It is expressed
as 0/0, 1/0, 0/1, or 1/1 depending on the empirical observa-
tions. Histopathology is reported as “1” if at least one of
resection margin—or AOD biopsies—is positive for tumor.
Any tumor with demonstration of brain invasion from his-
topathology is graded as “1” from histopathology. Brain
invasion is defined in agreement with WHO grading char-
acterized by irregular groups of tumor cells infiltrating the
adjacent cerebral parenchyma, without an intervening layer
of leptomeninges [18, 21].

The extent of follow-up is tailored depending on the
Copenhagen Grade and tumor phenotype.

Results

We present our first six patients with complete assessment
of extent of resection according to Copenhagen Grading
(Table 1). The preliminary experience indicated that biop-
sies could be obtained without technical difficulties. Biop-
sies from resection margins or an “area of doubt” that were
sent as separate samples were analyzed during routine histo-
pathology to either contain or not contain meningioma cells.
Post-operative scanning with MRI and DOTATOC-PET was
successfully obtained during follow-up 11-14 weeks after
surgery.

All patients had been described to have undergone gross
total resection. Four tumors were perioperatively assessed
to have been removed according to Simpson grade 2,
and one each as grade 1 and grade 3. The histopathol-
ogy showed residual tumor in three patients. MR imaging
showed residual tumor in two patients and DOTATOC-
PET in three. One patient was positive on histopathology
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but negative on MRI and DOTATOC-PET; one was posi-
tive on DOTATOC-PET but negative on histopathology
and MRI (Table 1).

Typical Copenhagen Grades 0/0, 1/0, 0/1, and 1/1 are
illustrated in a case example (Fig. 5).

Estimated as Simpson gradel

Histopathology: WHO grade |. Dura biopsies without
remaining tumor cells. “Area of doubt” biopsy showed
lamellar bone structure and meningioma cells

Imaging: DOTATOC-PET and MRI without signs of
remaining tumor. PET-DOTATOC and MRI co-regis-
tration showing expected activity uptake due to tissue
healing in relation to the craniotomy and dura-substi-
tute and no signs of remaining tumor

Copenhagen Grading: 1/0

Discussion

It has been possible to implement Copenhagen Grading
for meningiomas. Our first cases illustrate the grading and
suggest that histopathology and DOTATOC-PET imaging
add complementary information to the evaluation of extent
of resection. We interpret the data to indicate preliminary
support for the concept of combining histology and the
presently most sensitive and specific imaging biomarker to
allow a dichotomized description of residual meningioma
after surgery.

During routine implementation into the workflow dur-
ing surgery, histopathology, and imaging, local routines
must be developed and validated. Typically, surgeons must
incorporate biopsies into surgical routine after removal
of the main bulk of tumor and biopsies must be marked
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Copenhagen Grading

Histopathology
Free margins 0/-
Margins w. tumor cells 1/-

Radiological Imaging

No detectable tumor -/0
Tumor tissue present -/1
Score

Histopathology/Radiological Imaging

0/0
0/1
1/0

1/1

Fig.2 Copenhagen Grading for meningiomas: score system
depending on the empirical observations

and sent separately for histopathology. These two steps
are feasible within a surgical checklist and separately
marked biopsies are processed routinely by pathologists
who develop the routine and evaluate Copenhagen grades
as part of a routine histology report.

Imaging is dependent on availability of a PET facility
and easily offered to all patients who are eligible; partici-
pation in follow-up imaging is not different from routine
follow-up with MRI or CT. Our assessment is that Copen-
hagen Grading could be implemented as a feasible and a
potential objective grading system. The combination of
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histopathology and imaging appeared to improve sensitiv-
ity to detect residual tumor.

It may be technically problematic to obtain representative
and relevant intraoperative biopsies from resection margins,
particularly from tumors with difficult cranial base locations
or potential invasion of mesenchymal tissues. Nonetheless, a
tissue biopsy that can be diagnosed with sensitive biomark-
ers such as EMA and SSTR2, which provide 96% specificity,
is far better than reliance only on postoperative MRI scan-
ning or the surgeon’s subjective impression. Biopsies can be
harvested during surgery and be processed for analysis with-
out urgency. A risk of failure to obtain representative tissues
must be accepted with any tissue based diagnostic method.
We postulate, in agreement with our surgical experience,
that even difficult cranial base locations allow that also far
sides of a tumor attachment can be reached with instruments,
yet any surgical attempt to obtain a representative biopsy
can fail in more than 5% of cases even in diagnostic image-
guided surgery [12, 22]. However, we noted that biopsies
were not omitted because of technical difficulties.

We thus consider the use of histology on resection mar-
gins as feasible, promising and relevant.

Recently molecular biomarkers for aggressive phenotypes
(TERT, CDKN2A) have been validated in large meta-anal-
yses [28, 42] and found feasible for clinical implementation
in meningioma grading. Furthermore, genetic and epigenetic
landscapes allow novel classifications based on meningioma
biology [6, 7, 23, 32, 41-43]. Next-generation sequencing
(NGS) of a targeted meningioma gene panel could be a spe-
cific discriminator between different neoplastic and non-neo-
plastic meningeal cells, which we expect to correlate with
the clinical course. We consider that improved biological
data from molecular characteristics would be particularly
powerful to predict the fate of a patient when combined with
a highly traceable description of the resection such as we
propose.

%8Ga-DOTATOC PET is known to offer better diagnos-
tic information of residual or recurrent meningioma than
MRI scanning [4, 5]. Presently, the major drawback for
wide implementation is that ®*Ga-DOTATOC PET scanning
requires equipment and expertise, which is mostly avail-
able in specialized centers. Still, PET scanning is widely
available in national centers and scanning is undertaken
electively approximately 3 months after surgery. Elective,
ambulatory scanning is feasible and must then be weighed
against cost. Our preliminary impression is that unequivocal
data on tumor residues would change MRI follow-up and
use of adjuvant therapies to an extent that may very well
decrease cost of follow-up while empowering patients with
less uncertainty of a potential cure of disease.

We cannot yet assess the clinical impact of grading or
its cost-efficiency, but it is very likely that wide implemen-
tation of Copenhagen Meningioma Grading can increase
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Fig.3 The Copenhagen Grading setup including histopathology from per-operative biopsies and imaging at 3 months follow-up

Follow Up for WHO Grade | meningiomas

WHO grade |

WHO grade |

WHO grade |

Copenhagen grade

Copenhagen grade

Copenhagen grade

0/0

0/1
1/0

1/1

l

l

l

Follow up after 1 year:
* DOTATOC-PET
*  MRI

Follow up after 1 year:
DOTATOC-PET
MRI

Individually tailored
radiological follow-up

or

No remaining tumor:
* 5year follow up
* 10 year follow up

Follow up at year:
3,5,7and 10

* Resect residual
* Radiosurgery
* Adjuvant therapy

Fig.4 Preliminary follow-up algorithm. The extent of follow-up is tailored depending on the Copenhagen Grading and tumor pheno-

type.

efficiency in follow-up and save cost. We have indicated how
better traceable information on EOR can produce a stratified
follow-up with fewer regular MRI scans. Moreover, better
information on EOR is likely to supply patients with better

condition.

discrimination between potential cure or harboring a chronic

The dichotomized information of presence of residual neo-
plastic cells is fundamental, although not always admitted.

@ Springer
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Table 1 Preliminary results on 6 enrolled patients from December 2020 until March 2021.

Caseno. Location WHO grade Simp- Dura/AOD biopsy Histological MR finding DOTATOC-PET  CPH grading
son evaluation of finding
grade biopsy
1 Convexity sin. 2 Dura biopsy No residual cells  No residual tumor No residual tumor 0/0
obtained in dura
2 Convexity sin. 2 Dura biopsy + Bone biopsy w. No residual tumor No residual tumor 1/0
AOD obtained residual cells
(AOD)
3 Convexity sin. 2 Dura biopsy No residual cells  No residual tumor No residual tumor 0/0
obtained in dura
4 Cavernous 3 AOD biopsy Bone biopsy w. Residual tumor Residual tumor 11
sinus + obtained residual cells
suprasellar (AOD)
5 Convexity sin. 1 Dura biopsy AOD w. residual ~ Residual tumor Residual tumor 111
obtained cells
6 Convexity sin. 2 Dura biopsy No residual cells ~ No residual tumor Residual tumor 0/1
obtained in dura

Area of doubt = AOD. The biopsies are categorized as: Dura biopsy + AOD obtained = both dura biopsy and AOD biopsy; Dura
biopsy obtained = only dura biopsy obtained; AOD biopsy obtained = AOD biopsy only

Pre-operative MRI

Post-operative MRI

Co-registration: MRI and PET DOTATOC

E -

WHO grade I. HE staining.

N
\
A % X\
50,m I

N

3 S
Dura biopsies w/o remaining tumor cells

i

1'\,‘
~

-

AbD-Bidbsy showed lamellar bone

structure and meningioma cells

Fig.5 Case 2: A 63-year-old woman with a left-sided convexity meningioma. Underwent operation with tumor removal, resection
margin with 4 sites + “area of doubt” biopsy from adjacent bone. Resected dura was replaced with artificial dura substitute

Recurrences are possible only if neoplastic cells are present
and it is usually considered possible to remove a benign men-
ingioma completely. Usually, a “risk of recurrence” is used
as an amalgamated function of residual tumor volume—if
any—and biological qualities such as growth rate [37]. We

@ Springer

argue that biological qualities should be analyzed separately
from extent of resection. The risk of recurrence is a function of
residual cells, while the detection of a recurrence depends on
how fast tumors grow. We have recently analyzed a cohort of
meningiomas with true long-term follow-up and demonstrated
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that the biomarker Ki-67 proliferation index (Ki-67 PI) pri-
marily correlated with time to recurrence; suggesting that any
tumor may recur if neoplastic cells remain—if follow-up is
long enough [29]. We suggest that optimum information on
extent of resection allows a nuanced assessment of the bio-
logical qualities of any residual tumor including tailoring of
follow-up and adjuvant or additional treatments. The biologi-
cal qualities that affect growth rate and invasiveness must be
assessed from known biomarkers such as WHO grades [21],
Ki-67 PI[1, 35], TERT-promoter mutations, and homozygous
deletion of CDKN2A/B [28, 38]. Such information should be
used to select additional treatments and design individualized
follow-up [36]. Better standardized subgroups that have been
characterized from both aspects allow better trials. We have
primarily targeted WHO grade 1 meningiomas but consider
our grading useful for all meningiomas. The need to optimally
target additional or adjuvant therapy is probably even greater
for WHO grade II.

Copenhagen grading integrates different diagnostic
modalities with the expectation that they may disagree;
their strengths and weaknesses of sensitivity and specificity
may differ and agreement between the different modalities is
not primarily desirable. The grading is asymmetrical, since
any objective finding that points at residual tumor shifts the
patients into a classification where need for additional man-
agement must consider that the patient has residual disease
and we have designed the grading to allow the best available
way to detect residual tumor with certainty.

This is a technical note that does not show long-term
outcomes or benefits. The primary benefit is the theoretical
advantage of superior traceability, sensitivity, and specific-
ity. Sensitivity and specificity cannot be evaluated without
long-term follow-up; the lack of validation is a major weak-
ness. Unfortunately, traditional prospective trials to validate
use of Copenhagen Grading of meningiomas are not feasi-
ble. The slow growth of meningiomas limits relevance of
short-term prospective trials. We suggest that Copenhagen
Grading is organically implemented. Organic implemen-
tation entails continuous re-evaluation of treatment and
findings so that suboptimal strategies are changed accord-
ing to experience and judgment while functional strategies
are maintained. Information is collected prospectively and
analyzed critically. The main parameters to validate during
follow-up are whether Copenhagen Grading proves to be
traceable, reproducible, and support standardization for bet-
ter targeted meningioma subgroup management.

Conclusion

This technical note describes Copenhagen Grading for extent
of resection of meningiomas, which is based on the rationale
of resection-margin analyses as gold standard and superior

imaging performance of ®®Ga-DOTATOC PET. The pre-
liminary observations suggest that Copenhagen Grading is
technical, feasible, and traceable. It may comprise the much-
needed grading system that allows standardized clinical
research and thereby improves management of follow-up,
adjuvant therapy, and prognostication of meningiomas. Pres-
entation of the grading is a prerequisite for organic develop-
ment of applications and amendments.
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Comments

All meningiomas, such as fingerprints, nose prints, or a pinna, are
different. [1,2] They are different in terms of clinical presenting
features, radiological imaging characters, and histological subtleties,
and more importantly in the pattern of their behavior and outcome.
The "malignant" fault of a meningioma is its proximity to the

brain and spinal cord and its occasional proclivity to ensnare

neural structures. Meningioma should be christened as benign
microscopically, malignant behaviourally, or rather positionally.

Between the idea (of benignancy)

And the reality (of behaviour),

Between the scene (under the microscope)

And the seer (the pathologist)

Falls the shadow (of ambiguity).

(Modified from The Hallow Men by T.S. Eliot)

The authors present a novel grading system “Copenhagen grading”
to assess the extent of meningioma resection and to improve the
management of follow up, adjuvant therapy and prognostication.

All meningiomas can be classified into Good or Bad, only

in retrospect. Evaluation after several years of treatment can
determine the true colors of the tumors. You can remove the
tumor, the whole tumor, and nothing but tumor without removing
the tumor diathesis or the ability to form the tumor.

Presenting symptoms, meningioma location, extensions,
relationship with adjoining structures, vascularity, and consistency
vary, making the management unique in every case. Likewise, the
cellularity and the growth pattern of all meningiomas are different.
Some indicators such as extradural or extracranial extension and
involvement of dural sinuses (including cavernous sinus) are
indicative of a higher growth potential and an enhanced propensity
to recur. Histological grading may help in prognosticating the
long-term outcome.

The recurrences depend more on the growth pattern of the tumor.
The rate of recurrence of a meningioma is independent of the
extent of tumor resection. The radicality of resection will also
depend on the aggression and extensions of the meningioma. More
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extensive the presence of the tumor, more difficult is the resection
and the likelihood of recurrence is higher. More circumscribed
meningiomas are easier to remove and the long-term outcome is
better. The best imaging techniques and the most evolved operative
microscopes do not touch the basic character of a neuraxial tumor.
There lies a message for the neurosurgeon: "Less is more."

Assessing or grading the tumor is good, but it can essentially be a
futile exercise. From a surgeon's perspective it appears that surgery
is the only practical fact. The answer to treatment of meningiomas
is safe resection to obtain symptom-free time for the patient, an act
that can be repeated when mandatory.

Atul Goel
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When coming up with a new grading system, this is usually
based on large series, long-term consistent application and more
often a consortional effort to demonstrate applicability beyond
single institution borders. Therefore, this cannot be more than

a proposal derived from a very small patient group which in
some institutions is less than a week’s load. Nonetheless, it is an
interesting approach to add in a more refined way the evaluation
of procedural quality to the big picture of meningioma grading.
Very elaborate molecular based grading systems for meningioma
have been published or accepted for high-ranking publication
this year, providing a very elaborate in-depth analysis of cellular
heterogeneity and tumor biology which is bound to have a highly
important impact on the clinical course. Nonetheless, even with
equal molecular characteristics, the fate of a patients is as much
determined by the quality of the resection. In that aspect, an
attempt to improve the assessment of the surgical result is relevant
and the proposed evaluation by the Copenhagen group is one
option.
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