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OBJECTIVE Fluorescence-guided surgery using 5-aminolevulinic acid (5-ALA) is nowadays widely applied for im-
proved resection of glioblastomas (GBMs). Initially, pretreatment with dexamethasone was considered to be essential
for optimal fluorescence effect. However, recent studies reported comparably high rates of visible fluorescence in GBMs
despite absence of dexamethasone pretreatment. Recently, the authors proposed fluorescence lifetime imaging (FLIM)
for the quantitative analysis of 5-ALA-induced protoporphyrin IX (PpIX) accumulation. The aim of this study was thus to
investigate the influence of dexamethasone on visible fluorescence and quantitative PpIX accumulation.

METHODS The authors prospectively analyzed the presence of visible fluorescence during surgery in a cohort of
patients with GBMs. In this study, patients received dexamethasone preoperatively only if clinically indicated. One repre-
sentative tumor sample was collected from each GBM, and PpIX accumulation was analyzed ex vivo by FLIM. The vis-
ible fluorescence status and mean FLIM values were correlated with preoperative intake of dexamethasone.

RESULTS In total, two subgroups with (n = 27) and without (n = 20) pretreatment with dexamethasone were analyzed.
All patients showed visible fluorescence independent from preoperative dexamethasone intake. Furthermore, the au-
thors did not find a statistically significant difference in the mean FLIM values between patients with and without dexa-
methasone pretreatment (p = 0.097).

CONCLUSIONS In this first study to date, the authors found no significant influence of dexamethasone pretreatment on
either visible 5-ALA fluorescence during GBM surgery or PpIX accumulation based on FLIM. According to these pre-
liminary data, the authors recommend administering dexamethasone prior to fluorescence-guided surgery of GBMs only
when clinically indicated.
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choice in patients suffering from glioblastomas
(GBMs).!? In surgery of GBMs, the extent of re-
section is a key factor for patient prognosis.*-> Therefore,
the aim of neurosurgical tumor resection is maximal safe

N EUROSURGICAL resection is the initial treatment of

removal of GBM tissue whenever possible."*> In 1998,
the use of 5-aminolevulinic acid (5-ALA)-induced fluo-
rescence was introduced to the neurosurgical field for
improved intraoperative visualization of GBM tissue and
the tumor margin. After preoperative peroral administra-

ABBREVIATIONS 5-ALA = 5-aminolevulinic acid; CE = contrast enhancement; FLIM = fluorescence lifetime imaging; GBM = glioblastoma; PplX = protoporphyrin IX.
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TABLE 1. Literature overview on studies of brain tumors with data on dexamethasone and 5-ALA fluorescence

Authors No.of  Tumor Rate of Type of Pretreatment w/ Study Results Related to Fluorescence

& Year Pts Entity  Fluorescence Op Dexamethasone Dexamethasone Detection
Stummer etal.,, 20002 52 GBM  52/52 (100%) Resection In all patients* T Visible fluorescence
Pancianietal., 2012 23 GBM  23/23 (100%) Resection In all patients* T Visible fluorescence
Kiesel et al., 2018 77 GBM  77/77 (100%) Resection If clinically indicated T Visible fluorescence
Kiesel et al., 20184 41 Lymphoma 32/41 (79%) Biopsy Ifclinically indicated No influence of dexamethasone on  Visible fluorescence

fluorescence
Lawrence et al., GBM cell 72-hr treatment in Dexamethasone reduced total In vitro
2016%° lines therapeutic media  amount of PpIX & increased intra-
cellular accumulation
Present study 47 GBM  47/47 (100%) Resection If clinically indicated  No significant influence of dexa- FLIM, visible
methasone pretreatment on either fluorescence

visible or PpIX accumulation

Pts = patients.
* No analysis of dexamethasone and fluorescence.

T Patients received 4 mg dexamethasone 3 times a day, at least 2 days before surgery.

tion of 5-ALA, this dye results in intratumoral accumula-
tion of the actual fluorescing metabolite protoporphyrin
IX (PpIX).” In a multicenter phase III trial, Stummer et
al. demonstrated the superiority of 5-ALA fluorescence-
guided surgeries with regard to the extent of resection and
progression-free survival in GBMs as compared to con-
ventional white-light resections.? Consequently, 5-ALA
fluorescence-guided surgeries are nowadays standard for
optimal resection of GBMs at many specialized centers
worldwide.?

Generally, 5-ALA is able to visualize GBM tissue
during surgery with strong fluorescence.”!® In the multi-
center phase III trial by Stummer et al., pretreatment with
dexamethasone (12 mg/day at least 2 days before surgery)
was considered to be crucial for the efficacy of 5-ALA
fluorescence-guided surgery.>’ The authors indicated that
this assumption was based on the known corticosteroid-
induced tightening effect of the blood-brain barrier and
the likelihood of increased 5-ALA uptake.?” In contrast,
our group treats patients with dexamethasone before
5-ALA fluorescence-guided surgery of GBMs only if this
is clinically indicated based on vasogenic edema or intra-
cranial mass effect.”1? Despite the lack of pretreatment
with dexamethasone, we observed comparably high rates
of strong fluorescence in surgery of GBMs.!*!2 According
to the current literature, it remains unclear whether the
pretreatment of dexamethasone prior to 5-ALA fluores-
cence-guided surgery of GBMs is mandatory to achieve
a sufficient intraoperative fluorescence effect. These data
are of major importance for neurosurgeons to allow op-
timal preoperative management of patients scheduled for
5-ALA fluorescence-guided GBM surgery. A literature
overview on studies of brain tumors with data on dexa-
methasone and 5-ALA fluorescence is provided in Table 1.

Routinely, the intraoperative assessment of 5-ALA
fluorescence in surgery of GBMs is based on the sur-
geon’s subjective opinion and thus requires a high level
of experience.”® In order to overcome this limitation, our
group recently introduced fluorescence lifetime imaging
(FLIM) for the quantitative and objective measurement of

5-ALA-induced PpIX accumulation in brain tumors even
in the subvisual fluorescence range.'*'> This novel tech-
nique is thus useful to determine differences in intratu-
moral 5-ALA-induced PpIX accumulation.'*-"

The aim of this study was therefore to prospectively
analyze the influence of dexamethasone on visible 5-ALA
fluorescence and quantitative PpIX accumulation mea-
sured by FLIM in GBMs. To this end, we correlated the
visible intraoperative 5-ALA fluorescence status as well
as the average fluorescence lifetime measured by FLIM of
representative GBM samples with the preoperative intake
of dexamethasone.

Methods

We prospectively included patients who were treated
between January 2019 and March 2021 with 5-ALA flu-
orescence-guided resection of a GBM at the Department
of Neurosurgery, Medical University of Vienna, and who
had postoperative ex vivo measurement of collected tu-
mor samples with FLIM. In the present study, we used the
following inclusion criteria: 1) adult patients (= 18 years);
2) suspicion of a GBM according to preoperative MRI,
or recurrent GBM; 3) patients planned for fluorescence-
guided resection using 5-ALA; 4) no contraindications for
5-ALA administration; and 5) available data on preopera-
tive intake of dexamethasone. Patients had to be excluded
from this study if postsurgical histological diagnosis was
other than GBM WHO grade I'V. This study was approved
by the local ethics committee of the Medical University of
Vienna and informed consent was given by the patients.

Preoperative Imaging

In the present study, diagnostic MRI including T1-
weighted contrast-enhanced sequences was conducted in
the preoperative course in all patients.'®!* After admission
to hospital, we additionally performed contrast-enhanced
T1-weighted images, and dependent on the tumor local-
ization, we also obtained functional MRI and/or diffusion
tensor imaging for integration into the neuronavigation
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system. With regard to the pattern of contrast enhance-
ment (CE) on preoperative MRI, we only included pa-
tients with typical ringlike CE (newly diagnosed or re-
current GBMs). Furthermore, the tumor localization was
categorized into 7 main localizations comprising tempo-
ral, parietal, insular, central, frontal, occipital, and tha-
lamic regions. The pattern of CE and tumor localization
on preoperative MRI was categorized by an experienced
neuroradiologist (J.F.).

5-ALA Fluorescence-Guided GBM Resection

All tumor resections were assisted by image guidance
with neuronavigation, white-light microscopy, and fluores-
cence-guided surgery. For this purpose, 5-ALA (20 mg/kg
bodyweight) was perorally administered approximately 3
hours before anesthesia in all patients. During surgery, we
applied a modified neurosurgical microscope (KINEVO;
Carl Zeiss Surgical GmbH) for intraoperative assessment
of visible 5-ALA fluorescence.?’ According to our strat-
egy, the presence of visible fluorescence was analyzed in
the contrast-enhancing tumor region based on neuronavi-
gation. The maximum fluorescence level (strong, vague,
or none) was documented by the operating neurosurgeon,
and one representative tumor sample was safely collected
from this area for ex vivo FLIM analysis.

Tumor Tissue Preparation

The collected tissue samples were ex vivo immersed in
artificial CSF to ensure safe transportation to the imaging
laboratory within 1 hour after tissue collection. The artifi-
cial CSF used contains isotonic contents (sodium chloride,
potassium chloride, calcium chloride, magnesium chlo-
ride, glucose) to preserve the viability of the tissue samples
through a physiological solution. After imaging data were
obtained, tissue samples were transferred to the neuropa-
thology department for histopathological evaluation.

FLIM System

All tumor samples were imaged ex vivo by using a cus-
tom-built frequency-domain FLIM system integrated into
a surgical microscope (OPMI Visu 200; Carl Zeiss Med-
itec). A 405-nm laser (phoxX-405; Omicron Laserage)
was modulated at 10 MHz for excitation. FLIM informa-
tion was then encoded in the phase-shifted fluorescence
emission and could be recovered by using a homodyne
detection scheme. By raster-scanning the laser, lifetime
maps over a field of view of approximately 6 x 6 mm? were
acquired. A detailed description of the system and institu-
tional imaging was previously published.'* Measurements
before September 2019 were performed with a dual-tap
CMOS camera (pco.flim; PCO AG)." It is of note that the
FLIM system is intrinsically independent of variations of
excitation power, absorption/scattering in tissue, or the
method of measurement.?!

Postoperative Course and Histopathological Diagnosis
Routinely, all patients received protection from strong
light sources for at least 24 hours after oral administra-
tion of 5-ALA to avoid potential skin phototoxicity. His-
topathological tumor diagnosis was performed according
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to the valid WHO criteria at time of diagnosis.?>?* Only
patients with a confirmed histopathological diagnosis of a
WHO grade IV GBM were included in this study. Follow-
ing FLIM analysis, all tissue samples were histopathologi-
cally investigated for the presence of tumor cells.

Analysis of Clinical Data on Corticosteroid Intake

According to our strategy, dexamethasone treatment
was only administered prior to surgery if patients pre-
sented with symptoms related to vasogenic edema, mass
effect, and/or increased intracranial pressure. The clini-
cal data on preoperative dexamethasone treatment were
classified as “yes” or “no,” and the total daily dose (in
mg) was noted. Additionally, the duration of preoperative
dexamethasone treatment was documented and classified
as <7 days or > 7 days.

Statistical Analysis

Statistical analyses were performed using the statisti-
cal software SPSS (version 26.0; IBM Corp.). Descriptive
investigations included patient age and sex, type of CE
on MRI, tumor location, IDH1 mutation status, and mean
FLIM values. In order to test for differences in FLIM
values according to preoperative corticosteroid treat-
ment, normal distribution was initially ruled out using the
Shapiro-Wilk test, and analysis was thus performed using
the nonparametric Mann-Whitney U-test. Given that only
a single inferential statistical analysis was performed, no
correction for multiple testing was required and statistical
significance was thus assumed at p values below the typi-
cal threshold of p = 0.05.

Results

Altogether, 109 patients underwent resection of a GBM
at our institution in the study period between January 2019
and March 2021. In total, we included 47 patients in our
present study who had undergone 5-ALA fluorescence-
guided tumor resection and in whom quantitative FLIM
analyses were available. Therefore, we did not include se-
quential patients (62 of 109 patients) in our current study
cohort. The main reasons for exclusion of patients from
this study were as follows: 1) insufficient tumor tissue for
subsequent FLIM analysis; 2) postoperative investigation
with FLIM was not available; 3) known contraindications
of 5-ALA administration; and 4) participation in other
clinical studies.

In each patient, 5-ALA-induced PpIX accumulation
was postoperatively investigated in representative samples
of the tumor core by FLIM and correlated with preop-
erative intake of dexamethasone. In none of the patients
were any significant side effects attributed to the 5-ALA
administration observed in the perioperative course.

Patient Characteristics

The median age of our study cohort was 57 years (range
27-80 years) with a male/female ratio of 1.2:1. According
to preoperative MRI, all tumors showed significant ring-
like CE. Furthermore, 15 (32%) cases were localized in
the parietal lobe, 14 (30%) cases in the frontal lobe, and 14
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TABLE 2. Characteristics of 47 patients with GBMs

Characteristic Value

No. of pts 47 (100)
Sex

Male/female 1.21
Median age (range), yrs 57 (27-80)
Localization

Parietal 15 (32)

Frontal 14 (30)

Temporal 14 (30)

Central 2(4)

Occipital 1(2)

Insular 1(2)

Thalamic 0(0)
Fluorescence status

Visible fluorescence 47 (100)

No fluorescence 0(0)
Fluorescence level

Strong 43 (92)

Vague 4(8)

None 0(0)
Fluorescence homogeneity

Inhomogeneous 47 (100)

Homogeneous 0(0)
Dexamethasone preop

Yes 27 (57)

No 20 (43)
Duration of administration

<7 days preop 23 (85)

>7 days preop 4 (15)

Values are presented as number (%) unless otherwise indicated.

(30%) cases in the temporal lobe. In the majority of GBMs,
no IDHI mutation was present (89%). Further details are
provided in Tables 2 and 3.

5-ALA Fluorescence and FLIM Analysis in GBMs

During tumor resection, visible 5-ALA fluorescence
was found in all of the 47 (100%) patients with GBMs, and
representative tissue samples from the tumor core were
collected for measurement of PpIX accumulation. Ac-
cording to ex vivo FLIM analysis, we found a mean value
of 11.9 + 2.2 nsec (range 4.2-14.7 nsec). All investigated
tissue samples contained tumor cells according to histo-
pathological analysis.

Preoperative Dexamethasone

In our study, 27 patients received preoperative dexa-
methasone due to neurological symptoms caused by va-
sogenic edema and intracranial mass effect. Of these, the
total daily dose was 2 mg in 1 patient, 4 mg in 4 patients, 6
mg in 1 patient, 8 mg in 7 patients, 12 mg in 11 patients, 16
mg in 2 patients, and 24 mg in 1 patient. In the vast major-
ity of patients (23 [85%] of 27 patients), the pretreatment
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with dexamethasone before 5-ALA fluorescence-guided
tumor resection was < 7 days. In contrast, 20 patients did
not receive pretreatment with dexamethasone before GBM
surgery. Further details are given in Table 2.

Correlation of Dexamethasone Intake and FLIM Analysis

According to FLIM analysis of 5-ALA-induced ac-
cumulation of representative tissue samples, we found a
mean value of 12.3 + 2.2 nsec in patients with dexametha-
sone pretreatment and 11.4 + 2.2 nsec in patients without
dexamethasone intake before surgery. Two representative
cases of patients with and without pretreatment with dexa-
methasone before surgery of GBMs and PpIX fluores-
cence analysis measured by FLIM are provided in Figs. 1
and 2, respectively.

According to our data, we did not find a statistically
significant difference in the mean FLIM values between
patients with GBMs and without dexamethasone pretreat-
ment (p = 0.098). Further details are provided in Fig. 3.

Discussion

In the past 20 years, PpIX-induced fluorescence after
oral administration of 5-ALA has been successfully used
as an intraoperative visualization tool in surgery of GBMs,
resulting in an increased rate of gross-total resections.>®!?
According to the current literature the vast majority of
GBMs demonstrate visible fluorescence during surgery.®!2

In 1998, at the time 5-ALA fluorescence-guided sur-
gery of GBMs was introduced to the neurosurgical field,
pretreatment with dexamethasone was considered to be
mandatory to achieve an optimal intraoperative fluores-
cence effect.®?*?> However, even short-term therapy with
corticosteroids is associated with multiple potential ad-
verse effects such as venous thromboembolism, fracture,
hyperglycemia, sleep disturbances, and an increased rate
of sepsis.26-2

Subsequently, the authors of other studies did not ad-
minister dexamethasone routinely before fluorescence-
guided surgery of GBMs and performed a pretreatment
with corticosteroids before 5-ALA administration in pa-
tients only if clinically indicated."''> Despite the absence
of dexamethasone pretreatment, similarly high rates of
visible fluorescence during surgery of GBMs were report-
ed.'"2 Nevertheless, pretreatment with dexamethasone
might result in alterations in 5-ALA—induced PpIX accu-
mulation not visible with the naked eye. Indeed, one in
vitro study reported an increased intracellular retention of
PpIX in GBM cell lines pretreated with dexamethasone.*
In order to precisely detect 5S-ALA—induced PpIX accu-
mulation, recent studies focused on the analysis of quanti-
tative fluorescence measured by novel techniques such as
handheld spectroscopic probes or FLIM.'®3-3* These tech-
niques allow detection of even slight differences in fluo-
rescence that escape notice during fluorescence-guided
surgery.

So far, no systematic and prospective data are avail-
able in the current literature analyzing the influence of
dexamethasone on the intraoperative 5-ALA fluorescence
measured by quantitative techniques only in patients with
GBMs (Table 1). These data would be of major importance
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TABLE 3. Study cohort of 47 patients with GBMs

Case Age Recurrent Intraop 5-ALA Level of FLIM PpIX Mean Dexamethasone
No. (yrs) Sex Localization Side  Tumor IDH1 Fluorescence  Fluorescence  Value (nsec) SD Preop
1 72 M Frontal Rt No Wildtype Yes Strong 6.8 0.9 Yes
2 50 M Temporal Lt No Wildtype Yes Strong 131 0.6 Yes
3 73 F Occipital Rt No Wildtype Yes Strong 13.9 1.0 Yes
4 56 F Frontal Rt No Wildtype Yes Strong 10.0 2.3 Yes
5 48 F Parietal Lt Yes Wildtype Yes Strong 14.4 0.6 Yes
6 42 M Frontal Rt No Wildtype Yes Strong 14.7 0.5 Yes
7 53 M Parietal Lt No Wildtype Yes Strong 1.9 24 Yes
8 57 F Parietal Rt No Wildtype Yes Strong 1341 0.7 Yes
9 75 F Parietal Lt No Wildtype Yes Strong 12.2 0.8 Yes
10 39 M Parietal Lt No Wildtype Yes Strong 12.0 0.5 No
" 68 M Temporal Rt No Wildtype Yes Vague 1.1 24 Yes
12 80 M Parietal Lt No Wildtype Yes Strong 74 1.0 Yes
13 61 M Temporal Lt No Wildtype Yes Strong 4.2 1.5 No
14 67 M Frontal Lt No Wildtype Yes Strong 13.4 0.5 No
15 62 M Temporal Rt No Wildtype Yes Vague .7 34 No
16 69 M Temporal Lt Yes Wildtype Yes Vague 12.3 14 No
17 58 M Central Lt Yes Wildtype Yes Strong 12.1 0.6 No
18 70 F Parietal Rt No Wildtype Yes Strong 12.2 241 No
19 47 F Parietal Rt No Wildtype Yes Strong 10.0 2.3 No
20 66 M Frontal Lt No Wildtype Yes Strong 8.4 1.9 Yes
21 59 F Parietal Rt No Wildtype Yes Strong 10.3 1.8 No
22 52 M Temporal Rt No Mutated Yes Strong 13.7 0.3 Yes
23 32 F Frontal Lt Yes Mutated Yes Strong 1.6 1.2 Yes
24 51 F Temporal Rt No Wildtype Yes Strong 1.8 1.8 No
25 54 F Frontal Lt Yes Wildtype Yes Strong 1.5 1.6 No
26 72 F Temporal Rt Yes Wildtype Yes Strong 1.4 24 Yes
27 45 F Frontal Rt Yes Wildtype Yes Strong 9.5 11 No
28 54 M Parietal Lt No Wildtype Yes Strong 11 1.8 Yes
29 61 M Parietal Rt Yes Wildtype Yes Strong 1.8 0.7 Yes
30 7 F Temporal Rt No Wildtype Yes Strong 12.2 2.7 No
31 27 F Frontal Lt Yes Mutated Yes Strong 12.5 0.5 No
32 66 F Frontal Lt No Wildtype Yes Strong 11 1.7 No
33 67 M Frontal Rt No Wildtype Yes Vague 14.5 0.7 Yes
34 56 M Temporal Rt Yes Wildtype Yes Strong 1.9 0.6 No
35 52 F Parietal Rt Yes Wildtype Yes Strong 13.4 1.3 No
36 42 M Temporal Rt No Wildtype Yes Strong 14.5 0.3 Yes
37 72 M Frontal Lt No Wildtype Yes Strong 13.4 1 No
38 57 M Parietal Rt No Wildtype Yes Strong 13.9 0.8 Yes
39 44 M Insular Rt Yes Mutated Yes Strong 13.3 0.7 Yes
40 51 M Temporal Rt Yes Wildtype Yes Strong 12.2 1.7 No
4 68 M Temporal Rt No Wildtype Yes Strong 13.6 1.2 Yes
42 49 F Temporal Rt No Wildtype Yes Strong 9.7 2 Yes
43 38 F Parietal Rt No Wildtype Yes Strong 14.1 0.3 Yes
44 59 F Parietal Lt No Wildtype Yes Strong 14 0.2 Yes
45 46 M Frontal Lt No Mutated Yes Strong 13.5 0.4 No
46 59 F Central Lt No Wildtype Yes Strong 14.5 0.3 Yes
47 66 M Frontal Lt No Wildtype Yes Strong 12.6 2.3 Yes
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FIG. 1. lllustrative case of a 59-year-old patient after surgery of a GBM and no preoperative treatment with dexamethasone. Axial
(A) and sagittal (B) T1-weighted MRI sequences show a right, occipital tumor with significant ringlike CE. Intraoperative images
under conventional white light (C) show a superficial tumor suspected area that was confirmed under blue light (D) showing strong
fluorescence without preoperative intake of dexamethasone. A representative sample from the tumor with strong fluorescence
was analyzed by FLIM, and again images under white light (E) and blue light (F) showing strong fluorescence were obtained under
the microscope. Demodulated fluorescence intensity (relative units) of the tumor sample, measured with the raster-scanning FLIM
system (G). The FLIM is color coded, and a mean lifetime value of 10.3 nsec was measured across the sample (H). The histologi-
cal diagnosis of a GBM WHO grade IV, IDH wildtype, and MGMT methylated, was confirmed by neuropathology (1). H&E, original
magnification x100. Figure is available in color online only.

to clarify if dexamethasone pretreatment is required in evaluate the influence of dexamethasone on visible fluo-
routine clinical practice to achieve optimal fluorescence rescence/PpIX accumulation measured by quantitative
effect in fluorescence-guided surgery of GBMs. FLIM technique in representative tissue samples from the
compact tumor core of patients with GBMs. Thus, we were

Present Study able to minimize the interobserver variability of conven-
Therefore, we designed the present study to objectively tional classification of visible 5-ALA fluorescence and the

FIG. 2. lllustrative case of a 32-year-old patient with a radiologically suspected GBM and preoperative intake of dexamethasone.
Preoperative axial (A) and coronal (B) contrast-enhanced T1-weighted MR images show a left frontal intraaxial tumor with signifi-
cant ringlike CE. During surgery, images under white light (C) and under blue light (D) were obtained showing strong fluorescence.
Immediately after surgery, images of a representative fluorescent tumor sample were obtained under white light (E) and under blue
light (F) to confirm positive fluorescence. Demodulated fluorescence intensity (relative units) of the tumor sample, measured with
the raster-scanning FLIM system (G). The FLIM is color coded, and a mean lifetime value of 11.6 nsec was measured across the
sample (H). The histological diagnosis of a GBM WHO grade 1V, IDH1 mutated, MGMT nonmethylated, was confirmed by neuropa-
thology (I). H&E, original magnification x100. Figure is available in color online only.
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FIG. 3. Correlation of dexamethasone intake and PpIX accumulation
measured by FLIM showed no statistically significant influence accord-
ing to the mean FLIM values of all 47 patients. Figure is available in
color online only.

subjective evaluation of the operating surgeon by using
this approach.

Influence of Dexamethasone on Visible Fluorescence and
PpIX Fluorescence Lifetime

Rapid tumor growth is a common feature in patients
suffering from GBM, resulting frequently in vasogenic
edema and increased intracranial pressure.*>-” Therefore,
the perioperative medical treatment with corticosteroids
is commonly applied in these patients to relieve clinical
symptoms and to improve quality of life.?*-* In our study,
preoperative dexamethasone treatment was applied exclu-
sively in patients presenting with significant clinical symp-
toms. Despite the absence of preoperative dexamethasone
treatment, visible 5-ALA fluorescence was observed dur-
ing surgery in all patients (n = 20). Additionally, we did not
find a statistically significant difference in intratumoral
PpIX accumulation in patients with and without preop-
erative treatment with dexamethasone. To our knowledge,
this represents the first study demonstrating that preopera-
tive dexamethasone treatment has no significant impact on
the 5-ALA-induced PpIX accumulation in patients with
GBMs. Our current preliminary data thus indicate that the
pretreatment with dexamethasone is not obligatory before
fluorescence-guided surgery in GBMs.

Influence of Dexamethasone in Different Tumor Entities

In recent years, the potential influence of corticoste-
roids on 5-ALA fluorescence was investigated in other

1548 J Neurosurg Volume 136 * June 2022

intracranial tumor entities and dermatological diseases. In
this sense, Kiesel et al. investigated the value of 5S-ALA
in stereotactic biopsies of 41 intracranial lymphomas and
found no influence of preoperative intake of corticoste-
roids on the intraoperative fluorescence effect.*? In agree-
ment with those findings, our group observed no influ-
ence of treatment with dexamethasone prior to surgery on
the intraoperative 5-ALA fluorescence status in a cohort
of 110 suspected low-grade gliomas."! In dermatology,
Wiegell et al. investigated the influence of topical cortico-
steroid treatment on 5-ALA-induced photodynamic thera-
py in multiple mild actinic keratoses and reported that ad-
ditional use of corticosteroids did not affect the efficiency
of the photodynamic therapy.++

Study Limitations

First, the present study includes only a relatively small
number of samples derived from surgery of GBMs.
Therefore, future studies analyzing the influence of dexa-
methasone on 5-ALA-induced PpIX accumulation com-
prising a larger number of patients are needed to confirm
our preliminary data. Second, we were not able to provide
a detailed analysis of the duration and the total daily dose
of corticosteroid intake and 5-ALA fluorescence because
only 4 patients received dexamethasone for more than
7 days, and patients received a large variety of differ-
ent corticosteroid doses, respectively. Thus, larger stud-
ies including also patients with long-term corticosteroid
treatment and larger patient subgroups with the same to-
tal daily dose of dexamethasone are needed. Furthermore,
we did not match patients of each group according to age,
comorbidities, or tumor size in our current study due to
the relatively small number of patients in each subgroup.
Finally, in our study we analyzed only one representative
sample from the tumor core in each GBM. However, we
did not investigate the influence of dexamethasone on the
5-ALA-induced PpIX accumulation in other intratumor-
al areas outside the tumor core, such as the infiltration
zone or the tumor margin. Future studies analyzing mul-
tiple tissue samples from outside the tumor core (strong
fluorescence) with lower 5-ALA—induced PpIX accumu-
lation (vague or no fluorescence), including the infiltra-
tive tumor region as well as tumor margin, are warranted
for comparison of patients with GBMs with and without
dexamethasone pretreatment prior to surgery for quanti-
tative PpIX FLIM analysis.

Conclusions

In our study, we evaluated for the first time the influ-
ence of dexamethasone pretreatment on visible 5-ALA—
induced fluorescence and PpIX accumulation measured
by FLIM in a series of patients with GBMSs. According
to our preliminary data, we found no significant influence
of dexamethasone intake on visible 5-ALA fluorescence
during surgery as well as PpIX accumulation based on
FLIM. Consequently, our data indicate that pretreatment
with dexamethasone is not obligatory prior to 5-ALA
fluorescence-guided surgery in GBM, and we thus recom-
mend that dexamethasone should be applied before these
procedures only when clinically indicated.
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