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Objectives: Intraoperative tumor visualization with 5-aminolevulinic acid (5-ALA) induced

protoporphyrin IX (PpIX) fluorescence is widely applied for improved resection of

high-grade gliomas. However, visible fluorescence is present only in a minority of

low-grade gliomas (LGGs) according to current literature. Nowadays, antiepileptic drugs

(AEDs) are frequently administered to LGG patients prior to surgery. A recent in-vitro

study demonstrated that AEDs result in significant reduction of PpIX synthesis in glioma

cells. The aim of this study was thus to investigate the role of 5-ALA fluorescence in LGG

surgery and the influence of AEDs on visible fluorescence.

Patients and Methods: Patients with resection of a newly diagnosed suspected

LGG after 5-ALA (25 mg/kg) administration were initially included. During surgery, the

presence of visible fluorescence (none, mild, moderate, or bright) within the tumor and

intratumoral fluorescence homogeneity (diffuse or focal) were analyzed. Tissue samples

from fluorescing and/or non-fluorescing areas within the tumor and/or the assumed

tumor border were collected for histopathological analysis (WHO tumor diagnosis, cell

density, and proliferation rate). Only patients with diagnosis of LGG after surgery remained

in the final study cohort. In each patient, the potential preoperative intake of AEDs

was investigated.

Results: Altogether, 27 patients with a histopathologically confirmed LGG (14

diffuse astrocytomas, 6 oligodendrogliomas, 4 pilocytic astrocytomas, 2 gemistocytic

astrocytomas, and one desmoplastic infantile ganglioglioma) were finally included. Visible

fluorescence was detected in 14 (52%) of 27. In terms of fluorescence homogeneity

(n = 14), 7 tumors showed diffuse fluorescence, while in 7 gliomas focal fluorescence

was noted. Cell density (p= 0.03) and proliferation rate (p= 0.04) was significantly higher

in fluorescence-positive than in fluorescence-negative samples. Furthermore, 15 (56%)
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of 27 patients were taking AEDs before surgery. Of these, 11 patients (73%) showed

no visible fluorescence. In contrast, 10 (83%) of 12 patients without prior AEDs intake

showed visible fluorescence. Thus, visible fluorescence was significantly more common

in patients without AEDs compared to patients with preoperative AED intake (OR = 0,15

(CI 95% 0.012–1.07), p = 0.046).

Conclusions: Our study shows a markedly higher rate of visible fluorescence in a series

of LGGs compared to current literature. According to our preliminary data, preoperative

intake of AEDs seems to reduce the presence of visible fluorescence in such tumors and

should thus be taken into account in the clinical setting.

Keywords: low-grade glioma, 5-aminolevulinic acid, protoporphyrin IX, fluorescence, antiepileptic drugs

INTRODUCTION

Gliomas are the most common intracranial tumors representing
approximately 70% of all primary brain tumors (1, 2). It is
well-known that gross-total resection correlates with improved
progression-free and overall survival in patients with low-grade
gliomas (LGGs) (3–6). Thus, maximum safe resection of LGGs
is regarded nowadays as the recommended primary treatment to
delay potential malignant transformation (7, 8). However, such
maximum safe resection is only achieved in the minority of LGGs
due to their infiltrative growth and undefined borders (9).

Surgery using 5-aminolevulinic acid (ALA) induced
protoporphyrin IX (PpIX) fluorescence has been introduced
to the neurosurgical field for improved intraoperative tumor
visualization (10). In the last two decades, such fluorescence-
guided resections were especially applied to optimize surgery
of high-grade gliomas (HGGs) (11). In this sense, 5-ALA
fluorescence-guided surgery results in a significantly higher
frequency of complete resections and a prolonged progression-
free survival in HGGs (12–17). In the last years, 5-ALA was
also increasingly investigated during surgery of radiologically
suspected LGGs (3, 7, 11, 13, 18–21). According to the data
of these first clinical studies, 5-ALA induced fluorescence is
a powerful marker to identify potential regions of malignant

transformation (anaplastic foci) during surgery of suspected

LGG and thus to avoid histopathological undegrading.
However, the majority of pure LGGs cannot be visualized

by visible fluorescence according to the current literature
(3, 7, 11, 13, 18, 19, 21, 22).

The exact mechanisms of PpIX accumulation and thus the
presence or absence of visible 5-ALA induced fluorescence in
gliomas are still unclear. A large variety of factors were suspected

to influence visible 5-ALA fluorescence such as increased
metabolism and up-regulation of porphyrin-producing enzymes

(23), reduced iron metabolism within neoplastic cells (24), and
reduction of activity of the ferrochelatase enzyme that converts
fluorescing PpIX into heme (25). Recently, an in-vitro study
reported that antiepileptic drugs (AEDs) result in an injury
of the mitochondrial membrane and thus lead to inhibition
of PpIX synthesis in glioma cells (26). Nowadays, AEDs are
frequently administered to patients suffering from LGG prior
to surgery. We hypothesize that administration of AEDs might

influence the presence of visible fluorescence in LGGs during
surgical resection.

The aim of the present study was thus to investigate the role
of 5-ALA induced fluorescence in LGG surgery and analyze the
influence of AEDs on the presence of visible fluorescence.

MATERIALS AND METHODS

Patient Population
Patients that underwent resection of a newly diagnosed
suspected LGG at the Burdenko Neurosurgical Institute after
5-ALA administration between March 2014 and March 2016
were recruited. In our study, altogether 27 patients with
a histopathologically confirmed LGG were finally included.
Our study cohort included 19 men and eight women with
a median age of 33 years (range: 18–66 year). According
to our histopathological analysis, 14 diffuse astrocytomas, 6
oligodendrogliomas, 4 pilocytic astrocytomas, 2 gemistocytic
astrocytomas, and one desmoplastic infantile ganglioglioma were
diagnosed. The application of 5-ALA during surgery was feasible
in all 27 patients. In none of our patients, any significant 5-
ALA related side effects occurred in our study. Informed consent
for the surgical procedure and administration of 5-ALA was
obtained from all patients. The study was approved by the
local ethics committee of the N. N. Burdenko National Medical
Research Center of Neurosurgery (Moscow, Russia).

Inclusion and Exclusion Criteria
Inclusion criteria for enrolment into this study were age ≥18
years, MRI–suspected LGG, possible gross total resection (GTR)
(i.e., >90%) as judged by preoperative surgical estimation,
absence of any known history of liver disease or signs
of significant hepatic dysfunction and Karnofsky scale ≥70.
Exclusion criteria for the administration of 5-ALA were history
of photosensitivity, patient, or family history of porphyria,
pregnancy, and breast-feeding. Only patients with diagnosis of
LGG after surgery remained in the final study cohort.

Surgical Procedure
Patients were administered orally 25 mg/kg bodyweight 5-ALA
(“Alasence” NIOPIK, Moscow, Russia) dissolved in 100ml of
water∼3 h before surgery. Depending on the tumor localization,
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intraoperative neuromonitoring with sensory/motor evoked
potentials, and/or direct stimulation (Viking Select, Nicolet;
n = 21 patients) as well as awake surgery (n = 2 patients) was
performed. A modified neurosurgical microscope (Carl Zeiss
OPMI Pentero, Germany) equipped with a fluorescent 400 nm
UV light module and specific filters were used. Microsurgical
tumor removal was performed using primarily standard white
light microscopy with assistance of neuronavigation in most
cases (n = 20 patients). During surgery, the microscope was
switched to violet-blue excitation light repeatedly to visualize
potential fluorescence.

Fluorescence intensity was visually assessed by a surgeon and
determined as “weak” with only a small tumor part showing pink
fluorescence with its bulk not fluorescing at all, “moderate” with
more than half of the tumor revealing pink fluorescence, and
“bright” with the major part of the tumor looking bright red.
Spectroscopy-assisted Fluorescence was quantitatively assessed
in 12 patients. The level of fluorescence varied from 0 values
up to 15 arbitrary units (after data normalization) regarding
the intact brain. We specially did not highlight the role of
spectroscopy, as it was performed only in some of our patients.
Furthermore, also the intratumoral fluorescence homogeneity of
each tumor was determined. In this sense, diffuse fluorescence
was defined as homogeneous glowing of the whole tumor. In
contrast, focal fluorescence was defined as a circumscribed area of
fluorescence within an otherwise non-fluorescing tumor. In the
course of surgery, tissue samples from fluorescing and/or non-
fluorescing areas within the tumor and/or the assumed tumor
border were subsequently collected for histopathological analysis.
To avoid potential phototoxicity related to 5-ALA, all patients
were protected from strong light sources for at least 24 h after
drug administration.

Histopathology
All formalin-fixed, paraffin-embedded tissue samples were
processed for hematoxylin and eosin (H & E) staining. Tumor
diagnosis was established by an experienced neuropathologist
according to the current World Health Organization (WHO)
histopathological criteria (27). In our study, cell density and
proliferation rate (Ki-67 labeling index) was investigated in each
of the collected tissue samples.

Preoperative Intake of AEDs
Since the main focus of our study was to investigate the
potential influence of AEDs on 5-ALA induced fluorescence, we
documented in each patient if AEDs were administered prior to
surgery (yes or no). Patients were ingested average AED dosages:
valproic acid (up to 1.5mg per day), levetiracetam (800mg per
day). We did not study each drug separately, as the general series
was not large.

Postoperative Course
The neurological status of each patient was investigated before
and after surgery to detect potential postoperative deterioration
of neurological symptoms. Additionally, the extent of resection
was judged according to the results of an early (up-to 72 h post-
surgery) post-operative MRI: (1) GTR was present if at least

90% of the tumor mass was removed, (2) subtotal resection if
more than 50% of the tumor mass was resected, and (3) partial
resection if <50% of the tumor was removed.

Statistical Analysis
Data processing was performed using R software for statistical
computing (version 3.4.4). The continuous variables were
compared in groups using Mann–Whitney U-test. To analyze
the relationship between the categorical variables, a Fisher exact
test was applied. A logistic regression analysis was performed
to adjust for confounders when testing the effect of AED on
fluorescence. The results were considered statistically significant
for p < 0.05.

RESULTS

5-ALA Induced Fluorescence and
Histopathological Diagnosis
We observed visible fluorescence during surgery in 14 (52%) of
27 cases, whereas no fluorescence was detected in the remaining
13 cases (48%).

According to the histopathological tumor diagnosis, all 4
pilocytic astrocytomas, all 2 gemistocytic astrocytomas, and
the only desmoplastic infantile ganglioglioma showed visible
fluorescence. Furthermore, visible fluorescence was found in
4 (29%) of 14 diffuse astrocytomas, and 3 (50%) of 6
oligodendrogliomas. According to the intratumoral fluorescence
homogeneity (n = 14 cases), 7 tumors had “diffuse” visible
fluorescence, while the other 7 gliomas had “focal” sites of visible
fluorescence. Details on the fluorescence data of our cohort are
provided in Table 1 and illustrative cases in Figure 1.

5-ALA Induced Fluorescence and
Histological Parameters
Altogether, 80 tissue samples were collected during surgery from
the 27 patients (median: 3 samples; range 1–12 specimens per
patient). Of these, visible fluorescence was found in 21 samples
(26%), whereas 59 samples (74%) showed no visible fluorescence.
Cell density was significantly higher in fluorescence-positive
samples (2,180 mm2) than in fluorescence-negative samples
(1,510 mm2; p = 0.03). Additionally, the proliferation rate
assessed by Ki-67 labeling index was also significantly higher
in fluorescence-positive samples (2.52%) than in fluorescence-
negative samples (0.41%; p=0.04).

5-ALA Induced Fluorescence and AEDs
Due to a prior history of preoperative seizures, 15 patients
(56%) of our study cohort were taking AEDs before surgery
(finlepsin, levetiracetam, trileptal, and/or valproid acid). Of the
15 patients with preoperative AED intake, 11 patients (73%)
showed no visible fluorescence during the resection. In contrast,
10 (83%) of the remaining 12 patients without prior AEDs
intake showed visible fluorescence. Thus, visible fluorescence was
significantly more common in patients without AEDs intake as
compared to patients with preoperative AED intake [OR = 0.15
(CI 95% 0.012–1.07), p =0.046]. The AED showed to be a
significant factor (p = 0,048) influencing the probability of
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TABLE 1 | Intraoperative fluorescence characteristics.

Histopathology Fluorescence

Visible fluorescence Absence of fluorescene

Fluorescence grade Fluorescence homogeneity

1-Mild 2-Moderate 3-Bright Diffuse Focal

Diffuse astrocytoma 1 (3.7%) 2 (7.4%) 1 (3.7%) 2 (7.4%) 2 (7.4%) 10 (37%)

Oligodendroglioma 1 (3.7%) 1 (3.7%) 1 (3.7%) 1 (3.7%) 2 (7.4%) 3 (11.1%)

Gemistocytic atrocytoma – – 2 (7.4%) 2 (7.4%) 0 0

Pilocytic astrocytoma 2 (7.4%) 1 (3.7%) 1 (3.7%) 1 (3.7%) 3 (11.1%) 0

Desmoplastic infantile ganglioglioma – 1 (3.7%) – 1 (3.7%) 0 0

In total: 4 (14.8%) 5 (18.5%) 5 (18.5%) 7 (25.9%) 7 (25.9%) 13 (48.1%)

In total: 14 (52%) 14 (51.8%) 13 (48%)

In total: 27 (100%)

FIGURE 1 | Illustrative case No. 16 (Diffuse fluorescence type). Oligodendroglioma WHO Grade II of the right frontal lobe. (A)–Preoperative FLAIR images show a large

hyperintense lesion, (B)–White light microscopy shows distint cortical abnormalities; (C)–The tumor reveals moderate fluorescence with violet-blue excitation light;

(D)–Histology reveals tumor tissue of a oligodenroglioma WHO grade II. Informed consent has been obtained from the patient for the publication of data,

including images.

intraoperative fluorescence when adjusted for other potential
confounders (astrocytoma/non-astrocytoma, frontal localization,
dexamethasone dose) in a logistic regression model. The other
factors included in the model did not show a significant
relationship with the fluorescence (p > 0.05).

Postoperative Course
After surgery, 21 patients showed stable and four patients
improved neurological symptoms. In contrast, deterioration of
neurological symptoms was found in the remaining two patients.
According to early postoperative MRI, gross total resection was
achieved in 16 patients (59%), subtotal resection in 8 patients
(30%), and partial resection in three patients (11%). Fluorescence
did not correlate with extent of resection.

DISCUSSION

The use 5-ALA induced fluorescence is becoming increasingly
popular with the aim of maximizing the extent of resection
especially in HGGs and thus improving postoperative
patient prognosis. In this sense, fluorescence-guided surgery
demonstrated to significantly improve the rate of complete
resections in HGGs as compared to microsurgery alone,

and this innovative technique also almost doubled the 6-
months progression free-survival (16). Recently, visible PpIX
fluorescence was found also in other brain lesions such as
meningiomas (19), and metastatic tumors (18, 28).

Current Literature: 5-ALA Fluorescence in
LGG
So far, the value of 5-ALA induced fluorescence in LGG was
only investigated in few studies. In this sense, Ishihara et al. first
described in 2007 the application of 5-ALA in two LGG and did
not find any visible fluorescence in the multiple collected tissue
samples (29). Additionally, Ruge et al. published in 2009 a case
report of a 9-year-old girl who underwent fluorescence-guided
resection of a pleomorphic xanthoastrocytoma of the right
temporal lobe and detected visible fluorescence of the tumor (20).
Moreover, Stockhammer et al. published in 2009 a case report
of a diffuse astrocytoma WHO grade II with moderate cellular
density, higher microvascular density, and visible fluorescence
(30). Cases of fluorescence of pilomyxoid astrocytoma and
pilocytic astrocytoma were published by Bernal Garcia et al. (31)
and Choo et al. (32), respectively. The first series of patients
with LGG and 5-ALA was published by Widhalm et al. (33). In
this study, all eight diffusely infiltrating WHO grade II gliomas
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did not show any visible 5-ALA induced fluorescence during
surgery. In a further study, Ewelt et al. reported in 2011 visible
fluorescence in only one (8%) of 13 LGGs during surgery (7).
Three years after the first patient series, Widhalm et al. published
a larger series in 2013 and found visible fluorescence in 4 (9%) of
33 LGGs (34). In another study byMarbacher et al., 8 (40%) of 20
LGGs showed visible fluorescence (18). In 2015, Valdes founded
visible fluorescence in 4 (33%) of 12 analyzed LGGs (35). Finally,
Jaber et al. found in 2016 in the largest series to date visible
fluorescence in 13 (16%) of 82 LGGs (36). Thus, according to
the current literature visible fluorescence is observed only in a
minority of patients with LGGs.

Current Study: 5-ALA Fluorescence in LGG
Despite of these other studies available in the current literature,
our data showed the presence of visible fluorescence in more
than half of our cases during surgery. One possible explanation
for the higher rate of LGGs with visible fluorescence compared
to the current literature might be that we used a slightly higher
dose of 5-ALA (25 mg/kg bodyweight) as compared to the
other studies (18, 33, 34). However, Stummer et al. compared
different doses of 5-ALA in malignant glioma surgery (0.2, 2,
20 mg/kg) and concluded that usage of 5-ALA doses more than
20 mg/kg bodyweight would probably not result in an improved
fluorescence effect (37). Another explanation might be that we
included also other tumor entities apart from diffusely infiltrating
gliomas such as pilocytic astrocytomas or one ganglioglioma.
Our promising findings have to be confirmed, however, in
independent multicenter studies including a larger cohort of
patients suffering from LGG.

Interestingly, we did observe visible fluorescence not only in
focal intratumoral areas as previously described (33, 34), but
also diffuse fluorescence with homogeneous glowing of the whole
tumor. We assume that presence of focal visible fluorescence
in LGG might represent areas of potential future malignant
transformation. Furthermore, future studies should clarify if the
extent of resection could be optimized especially in LGGs with a
diffuse fluorescence pattern.

5-ALA Fluorescence and Histopathology
In our study, we observed significantly higher levels of cell
density and proliferation in samples with visible fluorescence
as compared to no fluorescence. This is in line with the two
previous studies by Widhalm et al (33, 34). Similarly, Widhalm
et al found a significantly higher mitotic rate, cell density, and
nuclear pleomorphism in fluorescing samples as compared to
non-fluorescing specimens. Furthermore, the proliferation index
assessed by MIB-1 LI was significantly higher in samples with
visible fluorescence as compared to non-fluorescing specimens.
In this sense, these previous data indicate that visible fluorescence
is capable to identify anaplastic foci according to the WHO
histopathological criteria (33, 34). Since we also found a
significantly higher cell density and proliferation rate in areas
of visible fluorescence in a series of LGG, we believe that 5-
ALA might serve as an early marker of ongoing malignant
transformation of an initial LGG. Future studies with sufficient
data on follow-up are needed to clarify this important issue.

5-ALA Fluorescence and AEDs
Nowadays, it is common practice for patients with LGG to
have medical treatment of epileptic seizures (38–40). Hefti et al.
demonstrated in an in-vitro study that the PpIX synthesis was
reduced by up to 45% in glioma cells under the effect of
phenytoin, but not levetiracetam (26). In our study, we found
that visible fluorescence was significantly more common in
patients without AEDs intake as compared to patients with
preoperative AED intake (r = 0.56; p = 0.045). Of the 15
patients with preoperative AED intake, 11 patients (73%) showed
no visible fluorescence during the resection. In contrast, 10
(83%) of the remaining 12 patients without prior AEDs intake
showed visible fluorescence. The underlying mechanisms for the
observed influence of AEDs on visible fluorescence is unclear so
far. The influence of AEDs on activities of 5-aminolevulinic acid
dehydrase and uroporphyrinogen I synthetase in erythrocytes
of a Vitamin B6-deficient epileptic boy given valproic acid
and carbamazepine was described also by Haust et al. from
University of Western Ontario, Canada in 1989 (41). One
possible hypothesis might be that AEDs have an influence on
the enzyms of the PpIX synthesis in the mitochondria of glioma
cells and thus result in presence or absence of fluorescence in
LGG. A further study on glioblastoma cell lines found that AEDs
(phenytoin/valproates) and dexamethasone may inhibit PpIX
synthesis (10). The exact mechanisms for the influence of AEDs
on visible fluorescence have to be clarified in future studies.

Future Directions
In future, our first observations should be confirmed in
further independent studies with a large cohort of patients.
Such larger studies allow also the possibility to analyze the
influence of different types of AED separately. Furthermore,
the influence of AEDs should also be investigated in HGGs.
In cases with lack of visual fluorescence, quantitative detection
methods might be useful for improved visualization of
LGG tissue. In this sense, confocal microscopy is also a
powerful tool to visualize cellular 5-ALA-induced tumor
fluorescence within LGGs and at the brain-tumor interface
(21). However, convincing data of confocal microscopy in
a large cohort of patients with LGG are still missing so far.
Another method represents the spectroscopic analysis of
PpIX accumulation with specific probes. By this approach,
Valdes et al. found that accumulation of PpIX can be
detected quantitatively despite the poor diagnostic accuracy
of visual fluorescence in LGGs (35, 42). Consequently,
this promising approach warrants further investigation in
future studies.

CONCLUSIONS

In the present study, we investigated the role of 5-ALA in
LGGs and the influence of antiepileptic drugs on intraoperative
fluorescence. According to our data, we observed a markedly
higher rate of visible fluorescence in our series of LGGs
(52%) compared to current literature. Furthermore, increased
cell density and proliferation was noted in areas of visible
fluorescence. Thus, 5-ALA induced fluorescence might also
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improve intraoperative visualization of a subgroup of LGGs
and might be also a useful marker for optimized detection
of histopathological heterogeneity during surgery of LGGs.
Furthermore, preoperative intake of AEDs seems to reduce the
presence of visible fluorescence in such tumors according to our
preliminary data and thus this issue should be taken into account
in the clinical setting. Further, independent multicenter studies
including a larger cohort of LGG patients are required to confirm
the promising data of this present study.

LIMITATIONS

We understand that the analysis of factors influencing
Fluorescence should be multifold. To reach that, we used the
model of logistic regression. AED proved to be a significant factor
influencing the probability of intraoperative fluorescence, when
adjusted for other potential confounders (astrocytoma/non-
astrocytoma, frontal localization, dexamethasone dose,
IDH1-mutation) in a logistic regression model. The cell
density and Ki67 index were revealed only in patients with
multiple biopsies (10 patients). It was concluded, that cell
density, and Ki67 index were higher for the biopsy samples taken
from the fluorescing zone compared to the non-fluorescing
one. We’ve got little evidence on cell density for the rest 17
patients, with their Ki67 index making up mainly 4–5%. As this
is a retrospective analysis enrolling 27 patients, we did not plan
to study cell density and Ki67 index. Unfortunately, we’ve got
no complete dataset for Ki67 and cell density to include into a
logistic regression model.

ETHICS STATEMENT

This study was carried out local committee of the N. N. Burdenko
National Medical Research Center of Neurosurgery (Moscow,
Russia) with written informed consent from all subjects. All
subjects gave written informed consent in accordance with the
Declaration of Helsinki. The protocol was approved by the local
committee of the N. N. Burdenko National Medical Research
Center of Neurosurgery (Moscow, Russia).

AUTHOR CONTRIBUTIONS

SG, GW, and AP designed the study. LS, VJ, and MR collected
the date. TS, VL, GP, and AR worked out the technical details.
MG and DC analyzed the data and wrote the paper with input
from all authors. AS and AP edited the text. KC analyzed the data
and wrote the paper with input from all authors.

FUNDING

The reported study was funded by RFBR according to
the research projects No. 17-00-00158, No.17-00-00159, and 17-
00-00157 [17-00-00162 (K)].

ACKNOWLEDGMENTS

We wish to acknowledge the help provided by our colleagues:
Danilov G. V., MD, Ph.D., N. N. Burdenko Scientific Research
Neurosurgery Institute, Moscow, Russia for statistic support.

REFERENCES

1. DeAngelis LM. Brain tumors. N Engl J Med. (2001) 344:114–23.

doi: 10.1056/NEJM200101113440207

2. Ostrom QT, Bauchet L, Davis FG, Deltour I, Fisher JL, Langer CE, et al. The

epidemiology of glioma in adults: a “state of the science” review. Neuro Oncol.

(2014) 16:896–913.doi: 10.1093/neuonc/nou087

3. McGirt MJ, Chaichana KL, Attenello FJ, Weingart JD, Than K, Burger PC,

et al. Extend of surgical resection is independently associated with survival

in patients with hemispheric infiltraiting low-grade gliomas. Neurosurgery.

(2008) 63:700–8. doi: 10.1227/01.NEU.0000325729.41085.73

4. Sanai N, Berger MS. Glioma extent of resection and its

impact on patient outcome. Neurosurgery. (2008) 62:753–66.

doi: 10.1227/01.neu.0000318159.21731.cf

5. Schomas DA, Laack NNI, Rao RD, Meyer FB, Shaw EG, O’Neill BP,

et al. Intracranial low-grade gliomas in adults: 30-year experience with

long-term follow-up at Mayo clinic. Neuro Oncol. (2009) 11:437–45.

doi: 10.1215/15228517-2008-102

6. Smith JS, Chang EF, Lamborn KR, Chang SM, Prados MD, Cha S, et al. Role

of extent of resection in the long-term outcome of low-grade hemispheric

gliomas. J Clin Oncol. (2008) 26:1338–45. doi: 10.1200/JCO.2007.13.9337

7. Ewelt C, Floeth FW, Felsberg J, Steiger HJ, Sabel M, Langen K-J, et al. Finding

the anaplastic focus in diffuse gliomas: the value of Gd-DTPA enhanced MRI,

FET-PET, and intraoperative, ALA-derived tissue fluorescence. Clin Neurol

Neurosurg. (2011) 113:541–7. doi: 10.1016/j.clineuro.2011.03.008

8. Soffietti R, Baumert BG, Bello L, Von Deimling A, Duffau H, Frénay

M, et al. Guidelines on management of low-grade gliomas: report

of an EFNS–EANO∗ task force. Eur J Neurol. (2010) 17:1124–33.

doi: 10.1111/j.1468-1331.2010.03151.x

9. Opoku-Darko M, Lang ST, Artindale J, Cairncross JG, Sevick RJ, Kelly JJP.

Surgical management of incidentally discovered diffusely infiltrating low-

grade glioma. J Neurosurg. (2018) 129:19–26. doi: 10.3171/2017.3.JNS17159

10. Lawrence JE, Steele CJ, Rovin RA, Belton RJ, Winn RJ. Dexamethasone

alone and in combination with desipramine, phenytoin, valproic acid

or levetiracetam interferes with 5-ALA-mediated PpIX production and

cellular retention in glioblastoma cells. J Neurooncol. (2016) 127:15–21.

doi: 10.1007/s11060-015-2012-x

11. Stummer W, Molina ES. Fluorescence imaging/agents in tumor resection.

Neurosurg Clin. (2017) 28:569–83. doi: 10.1016/j.nec.2017.05.009

12. Nabavi A, Thurm H, Zountsas B, Pietsch T, Lanfermann H, Pichlmeier

U, et al. Five-aminolevulenic acid for fluorescence-guided resection

of recurrent malignant gliomas. Neurosurgery. (2009) 65:1070–7.

doi: 10.1227/01.NEU.0000360128.03597.C7

13. Pichlmeier U, Bink A, Schackert G, Stummer W. Resection and

survival in glioblastoma multiforme: an RTOG recursive partitioning

analysis of ALA study patients. Neuro Oncol. (2008) 10:1025–34.

doi: 10.1215/15228517-2008-052

14. Roberts DW, Valdés PA, Harris BT, Hartov A, Fan X, Ji S, et al. Glioblastoma

multiforme treatment with clinical trials for surgical resection (aminolevulinic

acid). Neurosurg Clin. (2012) 23:371–7. doi: 10.1016/j.nec.2012.04.001

15. Roberts DW, Valdés PA, Harris BT, Fontaine KM, Hartov A, Fan

X, et al. Coregistered fluorescence-enhanced tumor resection of

malignant glioma: relationships between δ-aminolevulinic acid–induced

protoporphyrin IX fluorescence, magnetic resonance imaging enhancement,

and neuropathological parameters. J Neurosurg. (2011) 114:595–603.

doi: 10.3171/2010.2.JNS091322

16. Stummer W, Pichlmeier U, Meinel T, Wiestler OD, Zanella F, Reulen H-

J. Fluorescence-guided surgery with 5-aminolevulinic acid for resection of

Frontiers in Oncology | www.frontiersin.org 6 May 2019 | Volume 9 | Article 423

https://doi.org/10.1056/NEJM200101113440207
https://doi.org/10.1093/neuonc/nou087
https://doi.org/10.1227/01.NEU.0000325729.41085.73
https://doi.org/10.1227/01.neu.0000318159.21731.cf
https://doi.org/10.1215/15228517-2008-102
https://doi.org/10.1200/JCO.2007.13.9337
https://doi.org/10.1016/j.clineuro.2011.03.008
https://doi.org/10.1111/j.1468-1331.2010.03151.x
https://doi.org/10.3171/2017.3.JNS17159
https://doi.org/10.1007/s11060-015-2012-x
https://doi.org/10.1016/j.nec.2017.05.009
https://doi.org/10.1227/01.NEU.0000360128.03597.C7
https://doi.org/10.1215/15228517-2008-052
https://doi.org/10.1016/j.nec.2012.04.001
https://doi.org/10.3171/2010.2.JNS091322
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles


Goryaynov et al. AED Influence on Glioma’s Fluorescence

malignant glioma: a randomised controlled multicentre phase III trial. Lancet

Oncol. (2006) 7:392–401. doi: 10.1016/S1470-2045(06)70665-9

17. Stummer W, Reulen H-J, Meinel T, Pichlmeier U, Schumacher W, Tonn

J-C, et al. Extend of resection and survival in glioblastoma multiforme.

Neurosurgery. (2008) 62:564–76. doi: 10.1227/01.neu.0000317304.31579.17

18. Marbacher S, Klinger E, Schwyzer L, Fischer I, Nevzati E, Diepers

M, et al. Use of fluorescence to guide resection or biopsy of primary

brain tumors and brain metastases. Neurosurg Focus. (2014) 36:E10.

doi: 10.3171/2013.12.FOCUS13464

19. Potapov AA, Goryaynov SA, Okhlopkov VA, Shishkina L V, Loschenov VB,

Savelieva TA, et al. Laser biospectroscopy and 5-ALA fluorescence navigation

as a helpful tool in the meningioma resection. Neurosurg Rev. (2016) 39:437–

47. doi: 10.1007/s10143-015-0697-0

20. Ruge JR, Liu J. Use of 5-aminolevulinic acid for visualization and resection of a

benign pediatric brain tumor: case report. J Neurosurg Pediatr. (2009) 4:484–6.

doi: 10.3171/2009.6.PEDS08428

21. Sanai N, Snyder LA, Honea NJ, Coons SW, Eschbacher JM, Smith KA, et al.

Intraoperative confocal microscopy in the visualization of 5-aminolevulinic

acid fluorescence in low-grade gliomas. J Neurosurg. (2011) 115:740–8.

doi: 10.3171/2011.6.JNS11252

22. Zhang C, Boop FA, Ruge J. The use of 5-aminolevulinic acid in resection of

pediatric brain tumors: a critical review. J Neurooncol. (2018) 141: 567–73.

doi: 10.1007/s11060-018-03004-y

23. Peng Q, Warloe T, Berg K, Moan J, Kongshaug M, Giercksky K-E,

et al. 5-Aminolevulinic acid-based photodynamic therapy. Cancer. (1997)

79:2282–308.

24. Qian ZM, Chang YZ, Leung G, Du JR, Zhu L, Wang Q, et al. Expression

of ferroportin1, hephaestin and ceruloplasmin in rat heart. Biochim Biophys

Acta. (2007) 1772:527–32. doi: 10.1016/j.bbadis.2007.02.006

25. Kondo M, Hirota N, Takaoka T, Kajiwara M. Heme-biosynthetic enzyme

activities and porphyrin accumulation in normal liver and hepatoma

cell lines of rat. Cell Biol Toxicol. (1993) 9:95–105. doi: 10.1007/BF00

755143

26. Hefti M, Albert I, Luginbuehl V. Phenytoin reduces 5-aminolevulinic acid-

induced protoporphyrin IX accumulation in malignant glioma cells. J

Neurooncol. (2012) 108:443–50. doi: 10.1007/s11060-012-0857-9

27. Louis DN, Perry A, Reifenberger G, von Deimling A, Figarella-Branger D,

Cavenee WK, et al. The 2016 World Health Organization classification of

tumors of the central nervous system: a summary. Acta Neuropathol. (2016)

131:803–20. doi: 10.1007/s00401-016-1545-1

28. Kamp MA, Fischer I, Bühner J, Turowski B, Frederick Cornelius J,

Steiger H-J, et al. 5-ALA fluorescence of cerebral metastases and its

impact for the local-in-brain progression. Oncotarget. (2016) 7:66776–89.

doi: 10.18632/oncotarget.11488

29. Ishihara R, Katayama Y, Watanabe T, Yoshino A, Fukushima T,

Sakatani K. Quantitative spectroscopic analysis of 5-aminolevulinic

acid-induced protoporphyrin IX fluorescence intensity in diffusely

infiltrating astrocytomas. Neurol Med Chir. (2007) 47:53–7. doi: 10.2176/

nmc.47.53

30. Stockhammer F, Misch M, Horn P, Koch A, Fonyuy N, Plotkin M.

Association of F18-fluoro-ethyl-tyrosin uptake and 5-aminolevulinic

acid-induced fluorescence in gliomas. Acta Neurochir. (2009) 151:1377.

doi: 10.1007/s00701-009-0462-7

31. Bernal García LM, Cabezudo Artero JM, García Moreno R, Marcelo

Zamorano MB, Mayoral Guisado C. Fluorescence guided resection

with 5-aminolevulinic acid of a pilomyxoid astrocytoma of the third

ventricle. Neurocirugia. (2017) 28:251–6. doi: 10.1016/j.neucir.2017.

03.002

32. Choo J, Takeuchi K, Nagata Y, Ohka F, Kishida Y, Watanabe T, et al.

Neuroendoscopic cylinder surgery and 5-aminolevulinic acid photodynamic

diagnosis of deep-seated intracranial lesions. World Neurosurg. (2018)

116:e35–41. doi: 10.1016/j.wneu.2018.03.112

33. Widhalm G, Wolfsberger S, Minchev G, Woehrer A, Krssak M, Czech

T, et al. 5-Aminolevulinic acid is a promising marker for detection of

anaplastic foci in diffusely infiltrating gliomas with nonsignificant contrast

enhancement. Cancer Interdiscip Int J Am Cancer Soc. (2010) 116:1545–52.

doi: 10.1002/cncr.24903

34. Widhalm G, Kiesel B, Woehrer A, Traub-Weidinger T, Preusser M,

Marosi C, et al. 5-Aminolevulinic acid induced fluorescence is a powerful

intraoperative marker for precise histopathological grading of gliomas

with non-significant contrast-enhancement. PLoS ONE. (2013) 8:e76988.

doi: 10.1371/journal.pone.0076988

35. Valdés PA, Jacobs V, Harris BT, Wilson BC, Leblond F, Paulsen KD,

et al. Quantitative fluorescence using 5-aminolevulinic acid-induced

protoporphyrin IX biomarker as a surgical adjunct in low-grade glioma

surgery. J Neurosurg. (2015) 123:771–80. doi: 10.3171/2014.12.JNS14391

36. Jaber M, W?lfer J, Ewelt C, Holling M, Hasselblatt M, Niederstadt T, et al.

The value of 5-aminolevulinic acid in low-grade gliomas and high-grade

gliomas lacking glioblastoma imaging features. Neurosurgery. (2016) 78:401–

11. doi: 10.1227/NEU.0000000000001020

37. Stummer W, Stepp H, Wiestler OD, Pichlmeier U. Randomized, prospective

double-blinded study comparing 3 different doses of 5-aminolevulinic acid

for fluorescence-guided resections of malignant gliomas.Neurosurgery. (2017)

81:230–9. doi: 10.1093/neuros/nyx074

38. Hirsch LJ. Seizures in patients undergoing resection of low-grade gliomas.

Epilepsy Curr. (2009) 9:98–100. doi: 10.1111/j.1535-7511.2009.01305.x

39. Kurzwelly D, Herrlinger U, Simon M. Seizures in patients with low-

grade gliomas — incidence, pathogenesis, surgical management, and

pharmacotherapy. In: Schramm J, editor. Low-Grade Gliomas. Advances and

Technical Standards in Neurosurgery, vol 35. Vienna: Springer. pp. 81–111.

doi: 10.1007/978-3-211-99481-8_4

40. Rudà R, Bello L, Duffau H, Soffietti R. Seizures in low-grade gliomas: natural

history, pathogenesis, and outcome after treatments. Neuro Oncol. (2012)

14(suppl 4):iv55–64. doi: 10.1093/neuonc/nos199.

41. Haust HL, Poon HC, Carson R, VanDeWetering C, Peter F.

Protoporphyrinaemia and decreased activities of 5-aminolevulinic acid

dehydrase and uroporphyrinogen I synthetase in erythrocytes of a vitamin

B6-deficient epileptic boy given valproic acid and carbamazepine. Clin

Biochem. (1989) 22:201–11.

42. Valdes PA, Leblond F, Paulsen KD, Kim A, Wilson BC, Conde OM, et al.

Combined fluorescence and reflectance spectroscopy for in vivo quantification

of cancer biomarkers in low-and high-grade glioma surgery. J Biomed Opt.

(2011) 16:116007. doi: 10.1117/1.3646916

Conflict of Interest Statement: The authors declare that the research was

conducted in the absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Copyright © 2019 Goryaynov, Widhalm, Goldberg, Chelushkin, Spallone,

Chernyshov, Ryzhova, Pavlova, Revischin, Shishkina, Jukov, Savelieva, Victor and

Potapov. This is an open-access article distributed under the terms of the Creative

Commons Attribution License (CC BY). The use, distribution or reproduction

in other forums is permitted, provided the original author(s) and the copyright

owner(s) are credited and that the original publication in this journal is cited, in

accordance with accepted academic practice. No use, distribution or reproduction is

permitted which does not comply with these terms.

Frontiers in Oncology | www.frontiersin.org 7 May 2019 | Volume 9 | Article 423

https://doi.org/10.1016/S1470-2045(06)70665-9
https://doi.org/10.1227/01.neu.0000317304.31579.17
https://doi.org/10.3171/2013.12.FOCUS13464
https://doi.org/10.1007/s10143-015-0697-0
https://doi.org/10.3171/2009.6.PEDS08428
https://doi.org/10.3171/2011.6.JNS11252
https://doi.org/10.1007/s11060-018-03004-y
https://doi.org/10.1016/j.bbadis.2007.02.006
https://doi.org/10.1007/BF00755143
https://doi.org/10.1007/s11060-012-0857-9
https://doi.org/10.1007/s00401-016-1545-1
https://doi.org/10.18632/oncotarget.11488
https://doi.org/10.2176/nmc.47.53
https://doi.org/10.1007/s00701-009-0462-7
https://doi.org/10.1016/j.neucir.2017.03.002
https://doi.org/10.1016/j.wneu.2018.03.112
https://doi.org/10.1002/cncr.24903
https://doi.org/10.1371/journal.pone.0076988
https://doi.org/10.3171/2014.12.JNS14391
https://doi.org/10.1227/NEU.0000000000001020
https://doi.org/10.1093/neuros/nyx074
https://doi.org/10.1111/j.1535-7511.2009.01305.x
https://doi.org/10.1007/978-3-211-99481-8_4
https://doi.org/10.1093/neuonc/nos199.
https://doi.org/10.1117/1.3646916
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

	The Role of 5-ALA in Low-Grade Gliomas and the Influence of Antiepileptic Drugs on Intraoperative Fluorescence
	Introduction
	Materials and Methods
	Patient Population
	Inclusion and Exclusion Criteria
	Surgical Procedure
	Histopathology
	Preoperative Intake of AEDs
	Postoperative Course
	Statistical Analysis

	Results
	5-ALA Induced Fluorescence and Histopathological Diagnosis
	5-ALA Induced Fluorescence and Histological Parameters
	5-ALA Induced Fluorescence and AEDs
	Postoperative Course

	Discussion
	Current Literature: 5-ALA Fluorescence in LGG
	Current Study: 5-ALA Fluorescence in LGG
	5-ALA Fluorescence and Histopathology
	5-ALA Fluorescence and AEDs
	Future Directions

	Conclusions
	Limitations
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


