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Abstract

Overall survival and recurrence-free survival (RFS) in patients with glioblastoma directly depend on the radicality of tumor resection. According to
a number of literature sources, it is known that endoscopic surgeries under fluorescence control increase the rate of total resection. However, until
now, there is little data on whether endoscopic resection with fluorescence control affects RFS and overall survival of patients with glioblastoma.
The aim of our study was to investigate the effect of intraoperative endoscopic and fluorescence control on overall survival and RFS in patients
with glioblastoma. A retrospective single-center analysis was performed in 20 patients with glioblastoma. Ten patients underwent tumor resection
using an operating microscope with endoscopic and fluorescence control. In 5 patients, 5-aminolevulinic acid (5-ALA) (alasens) at a dose of 20 mg/
kg was used as a photosensitizer, in 5 patients, chlorin e6 (photoditazine) at a dose of T mg/kg. Ten patients underwent resection under endo-
scopic control, but without fluorescence control. Both cohorts of patients were comparable in age, functional status, tumor localization, adjuvant
treatment methods, and molecular status. The criteria for assessing the effectiveness of the study in the groups were: the radicality of the surgical
intervention according to postoperative magnetic resonance imaging with contrast enhancement, as well as the median RFS and OS in patients.
In the group of combined surgery under microscopic and fluorescence control with an endoscope, the rate of total tumor resection was higher
than in the group of patients who underwent only surgery under a microscope and an endoscope without fluorescence control (100% versus 60%;
p = 0.002). Median OS (20.2 months (95% Cl 11.9-28.6) versus 16.3 months (95% Cl 11.0-20.9); (p = 0.003)) and median RFS (11.7 months (95% Cl
9.8-15.7) versus 9.8 months (95% Cl 6.1-13.4) (p = 0.04)), were also statistically significantly higher compared to the group of patients who received
treatment to the same extent, but without fluorescence control. As our experience has shown, the use of fluorescence control during tumor resec-
tion in patients with glioblastoma with endoscopic assistance is certainly necessary, given the technical capabilities available, as it has a positive
effect on the treatment results for this category of patients.
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PE3YJIbTATbI MUKPOXMPYPIMYECKOM PE3EKLIMM
[MOBJTACTOM MO 3HAOCKOMNMMNYECKMM
N DJTYOPECLEHTHBIM KOHTPOJIEM

A.1O. Puinpq, B.E. Onowwun, .M. Poctosues, FO.M. 3abpopackas, I'.B. ManasH

Poccuitckuit Heltpoxupyprmdeckuit tHCTUTYT um. npod. AJ1. Monerosa — dunmnan OIbY
«HauMoHanbHbIM MEAMLMHCKUIA MCCefoBATENLCKMI LEHTP menn B.A. Anmazosa» MuHsgpasa
Poccmn, Carkr-Ietepbypr, Poccus

Peslome
O6uan Bblk1BaemocTb (OB) 1 6e3peunarBHas BbiXkrBaeMocTb (BPB) y naumeHToB ¢ rmMo6aacToMoi HanpPAMYI0 3aBUCUT OT PaAUKanbHOCTH
pe3ekumu onyxonu. CornacHo AaHHbIM PAAA aBTOPOB SHAOCKOMMYECKMe onepaLum nog ¢GsiyopecLeHTHbIM KOHTPOJIEM YBEMYMBAIOT YacToOTy
ToTanbHOM pe3ekunmn. OfHaKo A0 CYX MOP MMEETCA Masio JaHHbIX O BAVYHUM SHAOCKOMUYECKON pe3eKLumn ¢ GryopecLeHTHbIM KOHTPONemM
Ha noka3satenu BPB 1 OB nauneHToB C rnmo6nactomoi. Llenblo Hawero nccnefoBaHus Gbiio M3yyeHre BAWAHUA MHTPaonepauyioHHOro
SH[OCKOMMNYECKOTO 1 GpryopecLieHTHOro KOHTPONA Ha noka3satenu OB u BPB y nauneHToB ¢ rivobnactomoii. [poBefeH peTpocneKTVBHbI
O[JHOLIEHTPOBbIN aHanu3 y 20 nauneHToB ¢ rMunobnactomoin. 10 NauyeHTam BbINOIHEHa Pe3eKLA OMyXou C UCMOb30BaHEM ONepaLoH-
HOFO MMKPOCKOMa C SHAOCKOMUYECKUM U GiyopecLeHTHbIM KOHTposieM. Y 5 nauneHToB B KauecTBe GOTOCEHCMOUNM3aTopa UCNONb30Banu
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5-amunHoneBynMHOBY Kucnoty (5-AJIK) B go3e 20 mMr/Kr, y 5 naymeHToB XNOpuH e6 B fo3e 1 Mr/kr. 10 nauyeHTam BbINOSIHEHa pe3eKUma Nog
SHAOCKOMNYECKUM KOHTPOJIEM, HO 6e3 pnyopecLieHTHOro KoHTpona. Obe KoropTbl MaumMeHToB Obifv CONOCTaBMMbI MO BO3PacTy, GyHKLMO-
HanbHOMY COCTOAHMWIO, JIOKanM3aLuy onyxonu, MeToAaM afibloBaHTHOTO IeYEHUA 1 MONEKYNAPHOMY cTaTycy. Kputepramm oLieHKn 3GpeKTunB-
HOCTM NPOBOAMMOTO NCCNIEA0BAHNA B rpynnax Obinv: pagrkanbHOCTb NMPOBEAEHHOTO ONepaT!BHONO BMELLATe/IbCTBa MO AaHHbIM Nocsieone-
PaLMOHHOM MarHUTHO-PE30HaHCHON TOMOrPaduUN C KOHTPACTHLIM yCUSIEHUEM, a Takxe MeanaHbl BPB n OB. B rpynne Kom6uHWpOBaHHOrO
XVPYPrMyeckoro BMeLLaTesIbCTBa MOA MUKPOCKOMUYECKUM U GIIyOpPeCLeHTHbIM KOHTPOJIEM C SHAOCKOMOM 4acToTa TOTaJIbHOW pe3eKuun
onyxonu 6bisia Bbllle, YeM B rpynre naLyMeHToB, MePEHECLINX TONbKO XMPYPrmyeckoe BMELLaTeIbCTBO MOJ MUKPOCKOMOM 1 SHAOCKOMOM 6e3
dnyopecueHTHOro KoHTpona (100% npotus 60%; p=0,002). MeguaHa OB B nepBoli rpynne coctaBua 20,2 mec (95% AW 11,9-28,6) npoTus
16,3 mec Bo BTOpOI rpynne (95% AW 11,0-20,9) (p=0,003), megunarHa bPB 11,7 mec. (95% AW 9,8-15,7) npotus 9,8 mec (95% AN 6,1-13,4)%
(p=0,04). cooTBeTCTBEHHO. Kak nokasan Hall OfbIT, NCMOoJIb30BaHMe GJTyOpPecLeHTHOrO KOHTPOIA BO BPEMS pe3eKLM OMyXou y NaLueHToB
C r1Mo651aCcTOMOV NPY SHAOCKOMMUYECKON aCCUCTEHLMM NOMOXKUTENIbHO OTPAXKaeTCA Ha pe3ysbTaTax euyeHns naynueHToB C r1Mo6iacToMon n
MO>ET ObITb PEKOMEHL0BAHO ANA WMPOKOrO BHEAPEHMSA B KIIMHUYECKYIO NMPaKTUKY.

KnioueBble cnoBa: rnnobnactoma, sHAOCKoNuA, prnyopecLeHTHan pe3ekuus, pesynbraThbl, BblKMBaemMocTb, 5-AJ1K, XxnopuH e6.
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Despite recent advances in neurooncology and the
development of new treatment methods [1-5], the
survival rate of patients with glioblastoma remains low
[6, 7]. The median overall survival (OS) in this category
of patients ranges from 11 to 17 months [6, 7]. Surgical
resection is an important step in the treatment of patients
with glioblastoma [8]. It has been proven that the use of
fluorescence guidance during surgical intervention in
patients with glioblastoma increases the OS and RFS rates,
which is confirmed by convincing results of prospective
randomized neurosurgical studies [9-15].

The main goal of surgical treatment is the complete
removal of tumor tissue while maximally preserving the
patient’s neurological functions. A number of studies have
shown that the totality of resection significantly increases
the RFS and OS medians compared to subtotal resection
in patients with glioblastoma [15-20]. In turn, visualization
of fluorescence may be difficult due to the collapse of
the edges of the post-resection cavity and a decrease
in illumination with an increase in the depth of the
resection cavity [10, 12, 14]. This may lead to limitations in
microscopic resection under fluorescence control: visible
fluorescence of tumor tissue depends on the cell density
and cellular metabolism, as well as on adequate exposure
of the tumor tissue to blue light [16, 18 - 20].

Several scientific papers have demonstrated that the
use of an endoscope with fluorescence control made it
possible to increase the degree of resection radicality, and
according to data from individual publications, to improve
the OS rates in patients with malignant brain tumors [21
- 26]. Information on the use of a combined approach
(endoscope and fluorescence) is quite limited, which
actualizes the significance of our study. There are also
few literature data assessing the impact of fluorescence-
guided and endoscope-guided resection of glioblastoma
on OS and RFS rates in patients [22, 24-30].

BIOMEDICAL PHOTONICS T.13, N23/2024

Materials and methods

The study was a retrospective single-center analysis
of the effectiveness of fluorescence endoscopic control
in the removal of primary glioblastomas in patients [31]
who underwent routine microscopic resection under
endoscopic control in the period from 2014 to 2016 at
the Russian Neurosurgical Research Institute named after
prof. A.L. Polenov. The patients were assessed for resection
totality, RFS, and OS rates.

Of the 20 patients in both groups, 13 (65%) were men
and 7 (35%) were women. The average age was 56.0 years,
4 (20%) patients were over 65 years old.

All 20 patients underwent preoperative MRI
with gadolinium contrast enhancement. All patients
underwent a preoperative clinical and diagnostic
examinations, including examination by specialists
(neurologist, therapist, oncologist, ophthalmologist) and
laboratory and instrumental research methods (blood and
urine tests, electroencephalogram, electrocardiogram).
Detailed clinical characteristics of patients in both groups
are presented in Table 1.

The study protocol was reviewed by the local ethics
committee (Protocol No. 4 dated 17/12/2013). All patients
were informed about the course of the surgery. Written
consent was obtained from all patients as part of the
standard informed consent procedure for surgery.

Inclusion and Exclusion Criteria

Only patients with primary glioblastoma, the
localization of which was clearly defined, were included
in the study to ensure that the totality of resection
could be achieved in all patients. Patients were over 18
years old. Patients who underwent biopsy or required
intraoperative neuromonitoring were excluded. Patients
without postoperative contrast-enhanced MRI of the
brain, patients in severe condition, patients with signs of
renal and hepatic insufficiency, chronic viral infections
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(hepatitis C, B, HIV infection), and patients with endocrine
diseases or metabolic disorders were also excluded.

Surgical stage

Of the 10 patients in the main group, 5 patients
received 5-ALA (alasens) as a fluorescence inducer orally,
manufactured by the Scientific Center “NIOPIK", Federal
State Unitary Enterprise (Russia), at a dose of 20 mg/kg,
8 hours before the intraoperative stage of the operation.

Ta6nuua 1
KnuHuyeckasa xapakTepucTuka nayueHToB

Table 1
Clinical characteristics of patients

Tumor removal was performed using an intraoperative
microscope with fluorescence control (OPMI Pentero 800,
Carl Zeiss, Germany).

Five patients of the main group received intravenous
fluorescence inducer chlorin e6 (photoditazine),
manufactured by OOO VETA-GRAND (Russia), at a
dose of 1 mg/kg, dissolved in 200 ml of 0.9% sodium
chloride solution, 2 hours before the expected stage of

DHAoCcKonuyeckui u pnyo-

3"“‘:(%';1';’::11('("'7' PecLeHTHbIl KOHTPOJb 3"a“:""e
Konunuectso naumeHTos 10 10
Number of patients
Bospacr/Age
Mpanuubl / Age limits 33-73 41-68
Mepuana / Median age 55,6 56,5 08
Mon / Gender
MY>KUMHbI / men 7 (70%) 6 (60%)
MKEHLWMHbI / women 3 (30%) 4 (40%) o7
MNMpeponepaunoHHbii nHAEKc KapHoBckoro / Preoperative Karnofsky index
MpaHuubl / Index boundaries 70-100 70-100
MepwaHa / Median 85 83 0s
MpeponepauynoHHbIf pasmep onyxonu, cm?® / Preoperative tumor size, cm?®
Mepawnana / Median 254 27,8
MpaHuupl / Size limits 3,4-37 4,2-44,5 07
MpeunmyuiecTBeHHas nokanusauma onyxonu / Predominant tumor location
nobHas gons / frontal lobe 3 (30%) 2 (20%)
TemMeHHas gons / parietal lobe 2(20%) 4 (40%) 06
BMCOYHaA gonsa / temporal lobe 4(40%) 4 (40%)
3aTblfioyHan gons / occipital lobe 1(10%) 0 (0%)
Monywapwme / Hemisphere
npasoe / right 7 (70%) 4 (40%) 001
nesoe / left 3 (30%) 6 (60%)
Xapakrtep onyxonu no AaaHHbIM MPT ronoBHOro Mo3ra ¢ KOHTPACTHbIM yCUNeHNEM rafloNnHnemM
Character of the tumor according to MRI of the brain with gadolinium contrast enhancement
KMCTO3HOe / cystic 2 (20%) 1 (10%)
KMCTO3HO-conunaHoe / cystic-solid 7 (70%) 8 (80%) 0,8
conugHoe / solid 1(10%) 1(10%)
MGMT meTunmnpoBaHue nocne nepsoii onepauuu / MGMT methylation after first surgery
NONOXMNTeNbHbIN / positive 4 (40%) 3 (30%) 0.7
oTpuuaTenbHbI / negative 6 (60%) 7 (70%)
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the operation. Tumor removal was performed using an
operating microscope (LEICA OHS-1) with the D-Light
AF System Karl Storz (Germany) and a fluorescence
attachment manufactured by Russia Science Seoul,
Korean Electrotechnology Research Institute (KERI), (Seoul,
Republic of Korea) (developed by G.V. Papayan).

Tumor removal in the group without fluorescence
control was performed under the control of an
intraoperative microscope (OPMI Pentero, Carl Zeiss,
Germany).

For endoscopic control, an endoscope (Karl Storz,
Germany) with a special light source (D-light C; Karl Storz)
and a camera system (Karl Storz) were used in all patients
in both groups. The endoscope was used after complete
microscopic removal of all visualized tissue.

For the fluorescence control group, the endoscope
was set to the D-light mode, which allowed switching
between white and blue light source modes using a
corresponding bandpass filter in the light transmission
path (Fig. 1). A long-pass filter on the endoscope eyepiece

blocked excitation light, which allowed detection of tumor
cell fluorescence signals. The excitation and detection
filter system allowed transmission of enough blue light
so that the red fluorescence of endogenous fluorophores
and non-specific fluorescence were suppressed, resulting
in normal tissue being visualized as blue. Microscopic
fluorescent tissue and endoscopic fluorescent tissue
not visualized under the microscope were completely
removed and used separately for histopathological
examination (Fig. 2).

Postoperative evaluation

All patients underwent MRI within 24 h after surgery.
Any residual enhancement greater than 0.2 cm?® was
defined as residual tumor. Performance status was
assessed using the Karnofsky scale at discharge. All
included patients underwent regular clinical examination
and contrast-enhanced MRI every 3 months. The presence
of recurrence was assessed by subsequent MRI according
to the Response Assessment in Neuro-Oncology (RANO)
criteria [8].

Puc. 1. UHTpaonepaumoHHasn
KapTuHa:

a — u3obpaxkeHue B IHAOCKoNe
npu o6bIYHOM OCBeLLeHUn, 6e3
dnyopecueHuunu;

b — nso6paxeHune B aHgOCKONE
B $pJlyopecLeHTHOM pexume.
Fig. 1. Intraoperative picture:

a — endoscope view under
normal lighting, without
fluorescence;

b — endoscope view in
fluorescent mode.

XnopuH e6 (boTogurasuH)
chlorin e6 (photoditazine)

Puc. 2. UHTpaonepaumnoHHas

KapTuHa ¢nyopecueHTHON aua-

5-AJIK (anaceHc)
5 ALA (alasens)

FHOCTUKM B NpoLecce pe3exkuum
onyxonu 5-AJ1IK un xnopuHom €6
(a, b, c — noatanHoe yganenune
4acTu OMyX0JIeBON TKaHU HaKo-
nuBLen GayopecLeHT).

Fig. 2. Intraoperative picture of
fluorescent diagnostics during
tumor resection with 5-ALA and
chlorin e6 (a, b, c — step-by-step
removal of part of the tumor
tissue that has accumulated
fluorescence).
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Postoperative period

All patients received standard adjuvant therapy
(chemotherapy and radiotherapy) in the postoperative
period according to the Stupp protocol [32]. Radiotherapy
included fractionated external beam therapy to the
resected tumor bed with a total focal dose of 50-60 Gy in
25-30 fractions (1.8-2.0 Gy per fraction), for 5-6 weeks. As
chemotherapy after the first operation, patients received
temozolomide (at a dose of 150-200 mg/m? from the 1st
to the 5th day every 28 days).

In the postoperative period, patients underwent
control MRI of the brain every 3 months in the first 12
months or when symptoms appeared, then every 4
months.

If a relapse was detected based on MRI of the brain,
if indicated, repeated surgical treatment was performed
or the patient was referred for repeated adjuvant therapy
(chemotherapy and radiation therapy). Chemotherapy

regimens for relapse were prescribed by oncologists
based on the results of histological examination of the
tumor material, after repeated surgeries, or according
to generally accepted regimens. The following
chemotherapy regimens were used: avastin + irinotecan;
PCV (lomustine, vincristine, procarbazine); lomustine +
vincristine; temozolomide + avastin.

Efficacy assessment criteria of the conducted study

The efficacy assessment criteria of the conducted study
in the groups were: radicality of the performed surgical
intervention according to the data of postoperative MRI
with contrast enhancement and values of the OS and RFS
medians.

Statistical analysis

All analyses were performed using SPSS (version 20,
IBM Corp.). Continuous variables were measured as mean
or median values and standard deviation. Differences
between both cohorts were analyzed using the unpaired
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b 06wan BbPKMBAEMOCTb M Ge3peLManBHan BLIXKMBAEMOCTb B 3aBUCMMOCTH 0T MGMT METMAMPOBaHWA
Overall survival and recurrence-free survival depending on MGMT methylation
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a - OB wu bPB;

b — OB v bPB B 3aBu-
cumocTtn ot MGMT-
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T T T r — ; : Fig. 3. Treatment
00 1000 2000 30,00 4000 50,00 60,00 00 25 50 75 100 125 150 175 200 outcomes:
mecaubl/months mecsaubl/months a - 0S and RFS;
4 ] i fuctatcont comro o TMGMTditth,. T 7 whhon craocat conrel WG wwmeti - b - 0S and RFS
. € payopecyeHTHEIM KOHTPONEM MGMT mer. . Ge3 payopecueHTHOrO KOHTPONA MGMT meT. dependm_g on MGMT
"/ with fluorescent control- without IT MGMT meth. "/ without fluorescent control MGMT meth. methylation.

24

BIOMEDICAL PHOTONICS T.13, N23/2024



Rynda A.Yu., Olyushin V.E., Rostovtsev D.M., Zabrodskaya Yu.M., Papayan G.V.
Results of microsurgical resection of glioblastomas under endoscopic and fluorescent control

t-test. Descriptive survival was analyzed using the Kaplan-
Meier method, p-values < 0.05 were considered significant.

Results

In the early postoperative period, no patient
experienced complications associated with endoscopic
or fluorescence control during surgery. The Karnofsky
index values in patients in each group after surgery were
comparable with preoperative data (p=0.9).

Totality of resection, RFS, and OS

According to postoperative gadolinium-enhanced MRI
of the brain, total resection was achieved in all 10 (100%)
patients who underwent combined surgery under a
microscope and fluorescence control with an endoscope,
compared with 6 (60%) patients who underwent only
surgery under a microscope and an endoscope without
fluorescence control (p=0.002). The RFS median in the
cohort of combined resection using fluorescence control
with an endoscope and a microscope was 11.7 months.
(Cl 95% 9.8-15.7) versus 9.8 months (Cl 95% 6.1-13.4;
p=0.04) in the cohort of resections using a microscope
and endoscope, but without fluorescence control (Fig. 3a).

Ta6nuuya 2

The OS median in the cohort of combined
resection with fluorescence and endoscopic control
and a microscope was 20.2 months (Cl 95% 11.9-28.6)
compared with 16.3 months (Cl 95% 11.0-20.9) in the
cohort of resection using a microscope and endoscope,
but without fluorescence control (p=0.003) (Table 2,
Fig. 3a).

A direct connection was shown between the detection
of a number of molecular markers, in particular the MGMT
methylation index, and the RFS and OS rates. Thus,
according to our study, patients in both groups with a
methylated MGMT promoter had better OS and RFS rates
compared with patients with an unmethylated MGMT
promoter (Fig. 3b).

In our study, no relationship was found between age,
gender, preoperative Karnofsky index, tumor location
and size before surgery, volume of adjuvant therapy
(chemotherapy and radiotherapy), and the values of RFS
and OS. This is partly due to the fact that the patients who
were selected for the study were maximally comparable
in these characteristics, partly due to the small sample of
patients.

Pesynbratbl le4eHUs NaLuneHToOB B 3aBUCUMOCTHU OT KIMHUYECKUX U TMCTONIOMMYECKUX AaHHbIX

Table 2

Treatment results for patients depending on clinical and histological data

Bospacr/

-~
=
I
[T}
S
=
[}

=

Pe3ekuuina ¢ pnyopecLeHTbIM KOHTponem /
Jlokanusauusa onyxonu (gons/ctopoHa) /

Pa3mep onyxonu (cm®) /
MGMT meTunnposaHue /

WHpekc KapHoBckoro /
XapakTtep onyxonu no gaHHbiMm MPT ronosHoro mosra ¢

KOHTpPaACTHbIM yCWieHnem ragoinHuiem /

1 na/  x/f 45 90 nobHas KNCTO3HO- 33,1 met/
yes npasas/ conupHoe/ meth
frontalright  cystic-solid
2 na/  m/m 68 90  TemeHHas KNUCTO3HO- 4,2 met/
yes nesas/ conunaHoe/ meth
parietal left  cystic-solid
3 pa/ x/f 61 100 no6Hasn conugHoe/ 29,6  Hemet/
yes nesas/ solid unmeth
frontal left
4 pa/ wm/m 57 80  BuUCOYHaA KnctosHo- 10,8  Hemet/
yes neas/ conupHoe/ unmeth
temporal cystic-solid

left

IDH myTauus /
ToTanbHOCTb pe3ekuum no gaHHbim MPT /
Bbe3peynanBHas BbKMBaeMOCTb, Mec. /

O6wan gosa T (Ip) /

lNMoBTOpHas pesekuyus /
Bropasa/TpeTba nuHMA neyeHna nocne peunavsa /

KonunuectBo umknos TM3/
0O6uan BbRKMBaeMOCTb, mec. /

HeT/no pa/yes  pa/ 60 8 171  TM3+aBactnd/ 36,5
yes TMZ+avastin
IDH1  pa/yes pa/ 60 6 13,5 TM3/TMZ 22,4
(R132H) yes
HeT/no  pgpa/ Hetr/ 60 5 838 aBaCTH+ 11,5
yes no NPUHOTEKaH/
avastin+
irinotecan
IDH1/  pa/yes  pa/ 60 7 14,5 TM3/TMZ 20,3
IDH2 yes
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5 na/  x/f 49 80  TemeHHas KNCTO3HO- 37,1 Hemer/ Het/no palyes pa/ 20 6 10,7 TM3+aBactnd/ 17,7

yes npasas/ conupHoe/ unmeth yes TMZ+avastin
) parietal cystic-solid
L right
—
U 6 na/  x/f 58 80  TemeHHas KNCTO3HO- 42 met/ HeT/no pa/yes  pa/ 60 6 153 TM3/TMZ 27,9
= yes neas/ conupHoe/ meth yes
— parietal left  cystic-solid
— 7 na/  wm/m 41 70 BUCOYHasA KuctosHoe/ 38,7 Hemer/ HeT/no palyes Hetr/ 60 5 11,8 TM3/TMZ 20,3
< yes nesas/ cystic unmeth no
— temporal
< left
Z 8 na/  x/f 60 70 BMCOYHaA KUCTO3HO- 44,5 HemeT/ HeT/no palyes Hetr/ 60 3 93 JIOMYCTVH + 184
— yes npa.as/ conupHoe/ unmeth no BUHKPUCTUH/
(D temporal cystic-solid lomustine +
& right vincristine
9 na/  m/m 67 90 TEMeHHasn KNCTO3HO- 206 Hemer/ Het/no palyes pa/ 60 7 10,1  PCV (nomyctuH, 16,6
O yes npasas/ convuaHoe/ unmeth yes BUHKPUCTWH,
parietal cystic-solid npokap6asuH)/
right PCv
10 pma/ x/f 59 80 BUCOYHasA KNCTO3HO- 174 Hemer/ Het/no pal/yes pa/ 20 5 58 JIOMYCTVH + 10,7
yes neas/ conupHoe/ unmeth yes BUHKPUCTUH/
temporal cystic-solid lomustine +
left vincristine
11 wer/ x/f 58 70 nobHas KNCTO3HO- 355 Hemer/ Her/no Hetr/no Her/ 60 3 64  TM3+aBactuH/ 11,9
no npasas/ conugHoe/ unmeth no TMZ+avastin
frontalright  cystic-solid
12 wHer/ x/f 44 90 TemeHHas KNCTO3HO- 29,7 met/ HeT/no Het/no Het/ 90 6 13,8 aBaCTUH+ 223
no npasas/ convaHoe/ meth no NpUHOTEKaH/
parietal cystic-solid avastin+
right irinotecan
13 Her/ m/m 46 90 BUCOYHasA KNCTO3HO- 37 HemeT/ Het/no pa/yes  pa/ 60 5 11,1 PCV(nomyctuH, 17,6
no npasas/ conupHoe/ unmeth yes BUHKPUCTUH,
temporal cystic-solid npokap6asuH)/
right PCv
14 Her/ Mm/m 69 90  TemeHHas conupgHoe/ 188 Hemer/ Het/no palyes pa/ 60 7 10,2 TM3/TMZ 16,9
no neas/ solid unmeth yes
parietal left
15 wer/ x/f 73 80 BUCOYHasA KUCTo3Hoe/ 28,5 HemeT/ Het/no Hetr/no Hetr/ 60 5 83 TM3+aBactnd/ 13,3
no npasas/ cystic unmeth no TMZ+avastin
temporal
right
16 Her/ x/f 61 90 No6Hasn KUCTo3Ho- 339  mer/  Her/no palyes Her/ 60 7 98 TM3/TMZ 189
no nesas/ convpHoe/ meth no
frontal left  cystic-solid
17 wer/ x/f 55 70  BWCouYHas KUCTO3HO- 29,8 Hemer/ IDH1  Het/no  pa/ 60 9 53 TM3/TMZ 111
no npasas/ conngHoe/ unmeth (R132H) yes
temporal cystic-solid
right
18 wHer/ x/f 60 80 BUCOYHasA KNCTO3HO- 17,6 met/ HeT/no pa/yes  pa/ 60 5 14,6 aBaCTUH+ 20,1
no neas/ conupHoe/ meth yes MNPUHOTEKaH/
temporal cystic-solid avastin+
left irinotecan
19 Her/ m/m 57 100 3aTbl- KuctosHoe/ 34  Hemer/ HeTr/no palyes  pa/ 45 6 6,1 TM3+aBactnd/ 10,5
no NoyHas cystic unmeth yes TMZ+avastin
npasas/
occipital
right
20 Her/ x/f 33 90 nobHas KUCTO3HO- 194  mer/ Het/no palyes pa/ 60 5 12,5 JIOMYCTVH + 17,7
no npa.as/ conupHoe/ meth yes BUHKPUCTUH/
frontalright  cystic-solid lomustine +
vincristine
Morphological analysis tumor cell density, and the more malignant the tumor

Morphological examination of tumor areas depending  area according to morphology (Ki-67 and TP 53 index,
on fluorescence intensity showed that there is a direct  VEGF expression level). In the tumor necrosis zone, either
connection between tumor cell density, tumor anaplasia  very weak fluorescence or no fluorescence was observed.
degree, and fluorescence intensity during surgery. The  The sensitivity of the fluorescence monitoring method
brighter the tumor tissue fluorescence, the higher the  during surgery (dependence of fluorescence intensity on
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tumor anaplasia degree) was 100%, and the specificity
(when comparing fluorescent and non-fluorescent tumor
tissue areas) reached 85% (Fig. 4).

Comparison of the morphological data of biopsies
obtained during surgery in patients for whom 5-ALA
and chlorin e6 were used as fluorescence inducers did
not show a significant difference in the specificity and
sensitivity of detecting tumor tissue areas.

Morphological analysis of tumor tissue areas in
patients in the group with endoscopic control, but
without fluorescence control, showed that the sensitivity
of the technique for detecting tumor tissue areas was 60%
(analysis of possible areas perceived as tumor tissue, taken
during surgery under visual endoscopic control), and
the specificity was 40% (comparative analysis between
tissue areas taken during surgery that were perceived
under endoscopic control as tumor tissue, and areas that
were perceived in the endoscopic picture as normal brain
tissue).

Discussion

In this study, we assessed the effect of fluorescence
guidance in combined microscopic and endoscopic
resection on median RFS and OS medians in patients
with glioblastoma. The sensitivity and specificity of the
techniques were also assessed. Our results indicate
that median RFS and OS were higher in patients with
glioblastoma if endoscopic resection was supplemented
with fluorescence guidance. Thus, the use of fluorescence

guidance allowed increasing the sensitivity of the
technique from 60 to 100%, and the specificity from 40 to
85%.

Effect of a combined approach on resection radicality

Analysis of different works shows that the use of
an endoscope during surgery allows the surgeon to
significantly increase the frequency of total resections
(95%) and achieve a significantly greater removal of
tumor tissue volume, not limited to the contrasting parts
of the tumor according to MRl data [18, 25]. And the use of
fluorescence control in addition to the endoscope allows
for the radicality of resection to be brought to a higher
level [26-28, 30, 33]. In addition, the use of a combination
of an endoscope and fluorescence control in glioblastoma
removal appears to be a safe and feasible technique,
since an endoscope in fluorescence mode allows for the
identification of tumor tissue with high sensitivity (100%)
and specificity (85%) [27, 28]. Due to a significant decrease
in the distance between the light source and the tumor
tissue, endoscopic control and fluorescence control make
it possible to identify tumor tissue that is not sufficiently
visualized microscopically (located at the edges of the
tumor, in blind zones around the craniotomy area, and
deep in the surgical field with poorer illumination). This,
in turn, leads to an increase in the frequency of total
resections and makes it possible to perform supratotal
resection [26, 30].

Thus, in the work of A.A. Potapov et al. [23], 17 patients
underwent microsurgical resection with fluorescence
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endoscopy using 5-ALA and Karl Storz endoscopic
equipment to determine tumor residues in the resection
cavity. The primary diagnosis of the tumor included
malignant gliomas, metastases, and malignant tumors of
the skull base. In most cases, the possibility of monitoring
the” out of the border” areas of the resection cavity using
an angled endoscope was confirmed. Bright fluorescence
was observed not only in grade IV gliomas, but also in 3
of 4 metastases. The authors concluded that the use of an
endoscope to perform fluorescence navigation with 5-ALA
increases the diagnostic efficiency for differentiating
normal brain tissue from tumor tissue [23].

Our results further highlight the importance of
endoscopic and fluorescence guidance in glioblastoma
resection and demonstrate that the current limitations of
standard endoscopically guided surgery can be overcome
by adding fluorescence guidance.

Impact on overall survival

In the study by Bettag et al. [24], additional
fluorescence and endoscopic guidance were used
during surgery in 20 of 114 patients, while the remaining
patients underwent tumor resection under the control
of an operating microscope and fluorescence. Both
cohorts were comparable in age, functional status, lesion
location, adjuvant treatment methods, and molecular
status. Complete total resection was achieved in all
patients treated with the use of endoscopy, compared
with approximately 75.9% of patients treated with the
use of only a microscope (p=0.003). The RFS median in
the cohort using an endoscope was 19.3 months. (95% Cl
10.8-27.7) compared with 10.8 months (95% Cl 8.2-13.4;
p=0.012) in the microscope-only cohort. The OS median in
the endoscope group was 28.9 months (95% Cl 20.4-34.1)

compared with 16.8 months (95% Cl 14.0-20.9) in the
microscope-only group (p=0.001) [24].

Our study showed that the use of endoscopic
and fluorescence guidance increased the resection
completeness rate and thereby improved RFS and OS
rates in patients with glioblastoma.

Study Limitations

Our study has several limitations. First, it was a
retrospective study and further prospective studies are
needed to confirm our results. Second, the cohort in which
the combined approach was used was small and selective.
Third, the entire study population was selective since only
patients with well-localized glioblastomas were included
in the study. However, both cohorts were comparable in
terms of potential confounding factors, which allows to
suggest that the combined approach is superior to the
standard microscopic approach with an endoscope in
terms of the radicality rate of the performed surgery and
survival in patients with glioblastoma.

Conclusion

This is one of the first studies in our country comparing
fluorescence-guided glioblastoma resection using an
endoscope with standard resection using an endoscope in
addition to microscopic resection. The use of fluorescence
guidance during tumor resection using an endoscope,
as shown by our experience, increases the radicality of
resection and the OS and RFS medians in patients with
glioblastoma. At the same time, it should be noted that the
observed effect contrasts with the limitations of the study
design. Therefore, there is a need to continue conducting
further research on a larger group of patients to confirm
our findings.
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