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Application of Intraoperative Rapid Molecular

Diagnosis in Precision Surgery for Glioma: Mimic the

World Health Organization CNS5 Integrated

Diagnosis

BACKGROUND: With the advent of the molecular era, the diagnosis and treatment systems
of glioma have also changed. A single histological type cannot be used for prognosis grade.
Only by combining molecular diagnosis can precision medicine be realized.

OBJECTIVE: To develop an automatic integrated gene detection system (AIGS) for in-
traoperative detection in glioma and to explore its positive role in intraoperative diagnosis
and treatment.

METHODS: We analyzed the isocitrate dehydrogenase 1 (IDH1) mutation status of 105
glioma samples and evaluated the product’s potential value for diagnosis; 37 glioma samples
were detected intraoperatively to evaluate the feasibility of using the product in an actual
situation. A blinding method was used to evaluate the effect of the detection technology on
the accuracy of intraoperative histopathological diagnosis by pathologists. We also reviewed
the current research status in the field of intraoperative molecular diagnosis.

RESULTS: Compared with next-generation sequencing, the accuracy of AIGS in detecting
IDH1 was 100% for 105 samples and 37 intraoperative samples. The blind diagnostic results
were compared between the 2 groups, and the molecular information provided by AIGS
increased the intraoperative diagnostic accuracy of glioma by 16.2%. Using the technical
advantages of multipoint synchronous detection, we determined the tumor molecular
margins for 5 IDH-positive patients and achieved accurate resection at the molecular level.
CONCLUSION: AIGS can quickly and accurately provide molecular information during
surgery. This methodology not only improves the accuracy of intraoperative pathological
diagnosis but also provides an important molecular basis for determining tumor margins
to facilitate precision surgery.
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depends on molecular characteristics." In  molecular markers that play a key role in the di-
2021, the World Health Organization  agnosis and prognosis of gliomas, the mutation state
(WHO) released the fifth edition of the classifica- of isocitrate dehydrogenase (IDH) is critical.” Many
tion standard of central nervous system (CNS)  studies have shown that patients with glioma with
tumors. The molecular markers in the new classi- ~ IDH1/2 mutations have a better prognosis and
fication standard have become indispensable in the ~ response to chemotherapy and radiotherapy than

The accurate diagnosis of glioma increasingly diagnosis of almost all tumors.” Among many

ABBREVIATIONS: AA, anaplastic astrocytoma; AO, anaplastic oligodendroglioma; AIGS, automatic integrated gene
detection system; CNS, central nervous system; DA, diffuse astrocytoma; FAM, Carboxyfluorescein; GBM, glioblastoma;
GAPDH, glyceraldehyde-3-phosphate dehydrogenase; HGG, higher-grade glioma; IHC, immunohistochemistry; IDH,
isocitrate dehydrogenase; LGG, lower-grade glioma; MS, mass spectrum; NPV, negative predictive value; NGS, next-
generation sequencing; OD, oligodendroglioma; PPV, positive predictive value; ROX, Rhodamine X; WHO, World Health
Organization.
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other patients.*° In glioma, the mutation frequency (>90%) of IDH1
is much higher than that of IDH2, whereas 80%-90% of IDH1
mutations are R132H. The other mutation types are rare and include
R132C/G/S/L.”

Traditionally, the detection methods based on immunohis-
tochemistry (IHC) and next-generation sequencing (NGS) take a
long time and are mostly used for postoperative diagnosis, which
cannot meet the needs of intraoperative detection. Studies have
shown that quickly understanding IDH mutation information in
patients during surgery can enable surgeons to perform more
accurate tumor resection procedures in patients with these mu-
tations, which has a positive impact on the long-term survival rate
of these patients.!’!? In this article, we developed an IDH
mutation detection instrument: AIGS real-time fluorescence
PCR. Based on the automatic integrated gene detection system,
the instrument integrates nucleic acid extraction and real-time
gene amplification detection and achieves fully closed automatic
output from samples to genes in the form of a microfluidic card
slot. In this study, we evaluated the accuracy of AIGS in intra-
operative molecular diagnosis and further studied its practical
value in glioma surgery.

METHODS

Tumor Sample Selection

This study was a mixed cohort study. For retrospective samples, tumor
samples and basic information of 105 patients were obtained from the
“Institute of Brain and Brain-Inspired Science” laboratory sample bank.
This batch of samples is from patients who underwent surgery in the
Department of Neurosurgery of Qilu Hospital from 2016 to 2018. Their
histopathological classification was based on the 2021 CNS tumor
classification standard. For prospective samples, after the start of the
study, we performed intraoperative detection on 37 patients with gliomas
diagnosed preoperatively. The 37 patients were hospitalized in the
Department of Neurosurgery of Qilu Hospital from July 2021 to
February 2022. All patients underwent rapid histopathological detection
and AIGS. All tumors were confirmed as gliomas by postoperative
histopathology, and the samples were retained for IHC and NGS. This
study was registered in the National Clinical Research Center and ap-
proved by the ethics committee of Qilu Hospital of Shandong University.
All patients participating in the prospective study provided written in-
formed consent. We used the Standards for Reporting of Diagnostic
Accuracy checklist when writing the section of diagnostic studies.

Workflow and Interpretation of the Results from AIGS
We used 2.5-5 mg of tumor samples (as big as a grain of rice), placed
them into centrifuge tubes containing lysate (The Solarbio Company),
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and subjected the samples to shaking and centrifugation (The Beijing
Synapse Biotechnology Company). The samples were shaken at 4 °C for
30 seconds and rotated at 6000 rpm for 2.5 minutes. Then, 200 pL of
homogenate (Supplemental Digital Content, Table 1, hccp://links.Iww.
com/NEU/D526, Method 1, http://links.Iww.com/NEU/D527) after
centrifugation and 10pL of magnetic beads were added to the integrated
nucleic acid detection card box (Supplemental Digital Content, Fig-
ure 1, heep://links.lww.com/NEU/D528) and fully mixed. The card box
was inserted into the card slot of the AIGS, and automatic analysis was
performed. The analysis results were obtained within 50 minutes (Figure
1A). After samples are obtained during the operation, AIGS detection and
rapid histopathological diagnosis are performed simultaneously and in-
tegrated diagnosis is obtained according to the results of the 2 samples. If
the molecular diagnosis is positive, multipoint sampling can be performed
to determine the molecular margin to optimize the operation (Figure 1B).
The results showed 3 fluorescence curves: IDH1 (R132H) mutation
Rhodamine X, IDH1 (non-R132H) mutation Carboxyfluorescein, and
GAPDH as an internal reference (Cy5, Figure 1C). The sequences of
probes and primers are determined by multiple control experiments
(Supplemental Digital Content, Table 2, http://links.Iww.com/NEU/
D529, Method 2, htep://links.lww.com/NEU/D530). The interpreta-
tion of NGS is represented by a visual Integrated Genomics Viewer (IGV,
The GenomiCare Company) diagram (Supplemental Digital Content,
Figure 2, htep://links.lww.com/NEU/D531). All glioma cases were
confirmed by MRI (The Siemens Company), H&E, and ITHC (The
OriGene Company, Figure 1D).

Blind Evaluation of the Effect of AIGS on the Accuracy of
Intraoperative Rapid Histopathological Diagnosis

The experiment was performed using 37 intraoperative samples of
patients with gliomas diagnosed by preoperative imaging (Supplemental
Digital Content, Table 3, http://links.Ilww.com/NEU/D532). After
petforming surgical resection, the neurosurgeons immediately divided the
tumor samples into 2 copies. One copy was tested by AIGS. The in-
spectors recorded the IDH test results without knowing the tumor
histomorphology. The other copy was sent to the pathology department.
The pathologists in group A performed rapid morphological diagnosis
without knowing the IDH mutation state and then provided the same
batch of sections to the pathologists in group B. The pathologists in this
group performed rapid histological diagnosis again when the patient’s
IDH state was obtained. The final diagnosis results of the pathologists in
the 2 groups were submitted to the third pathologist for review and
compared with postoperative histopathological results to compare the
diagnostic results of the pathologists in the 2 groups.

Statistical Analysis

In this study, the NGS results were used as the gold standard to
compare AIGS and THC. The sensitivity, specificity, positive pre-
dictive value, negative predictive value, and accuracy of AIGS were
evaluated using a four-grid table. The statistical significance of AIGS in
improving the diagnostic accuracy of glioma was analyzed using the
chi-square test. The survival of 105 patients was analyzed and ex-
pressed by Kaplan—Meier survival curves. All the above statistical
analyses were performed using SPSS 22.0 (International Business
Machines Corporation, IBM), and statistical significance was set to P <
.05. The figures presented in this article were drawn using GraphPad
Prism 9 (The GraphPad Software Company) and Adobe Illustrator
(The Adobe Company).
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FIGURE 1. A, AIGS real-time fluorescence PCR detection process and intraoperative integrated diagnostic standard flowchart. B, The time axis of the application of AIGS in
surgery. C, The results of various types of AIGS real-time fluorescence PCR detection images. If the FAM curve and ROX curve show S-type amplification (including the S-curve
before the platform stage), it indicates that the sample to be tested harbors the IDH1 (R132L) mutation. If only the FAM curve shows S-type amplification, it indicates that there
are other types of mutations, such as IDHI R132C, in the sample to be tested. If only ROX shows an S-type amplification curve, it indicates that the IDHI (R132H) mutation is
present in the tested sample. If only Cy5 shows an S-type amplification curve, it indicates that an IDHI mutation does not exist in the detected sample. D, MRI images, HGE
staining images (The OriGene Company), and IHC images (anti-IDHI, The OriGene Company) of IDH mutation and IDH wild-type gliomas. AIGS, automatic integrated
gene detection system; FAM, Carboxyfluorescein; IDH, isocitrate debydrogenase; IHC, immunohistochemistry; ROX, Rhodamine X.

RESULTS

Description of Clinical Characteristics

A total of 142 patients were included in this study. Table 1
provides the clinicopathological information of 105 retrospec-
tive samples. Glioblastoma accounted for the highest proportion
(39.1%), followed by diffuse astrocytoma (21.0%) and AA
(21.0%, Figure 2A). We rediagnosed them according to the
2021 classification standard (Figure 2B). The new diagnostic
standard was based on molecular information and tissue diag-
nosis. The results showed that patients with astrocytoma (A),
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IDH mutation, and homozygous deletion of CDKN2A/B were
classified as having glioblastoma in biological behavior. Simi-
larly, patients with astrocytoma, IDH wild-type, and EGFR or
TERT promoter (TERTp) mutations were also classified as
having glioblastoma in biological behavior. Therefore, the
proportion of glioblastoma in the new classification criteria
increased significantly (50.5%, Figure 2B). We compared the
grading of 2016 with that of 2021 and found that the proportion
of grade 4 was significantly increased (Figure 2C), which il-
lustrated the importance of molecular diagnosis for the classi-
fication and grading of glioma.
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TABLE 1. Clinicopathological Characteristics of the 105 Patients Who Met Inclusion Criteria
Final pathology®
Total (n = 105) Astrocytoma Oligodendroglioma Glioblastoma Other types
Variable No (%) No (%) No (%) No (%) No (%) P
Age (mean £ SD, y) 50.6 £ 14.5 469 + 133 53.0 £ 93 57.0 £ 135 28 £ 12.1 >.05
Sex
Male 57 (54.3%) 28 (63.6%) 8 (53.3%) 18 (43.9%) 3 (60.0%) >.05
Female 48 (45.7%) 16 (36.4%) 7 (46.7%) 23 (56.1%) 2 (40.0%)
Location
F 62 (47.0%) 25 (44.6%) 9 (39.1%) 24 (51.1%) 4 (66.7%) > .05
T 30 (22.7%) 14 (25.0%) 6 (26.1%) 8 (17.0%) 2 (33.3%)
P 15 (11.4%) 7 (12.5%) 2 (8.7%) 6 (12.8%) 0 (0%)
(0} 10 (7.6%) 4 (7.1%) 1 (4.3%) 5 (10.6%) 0 (0%)
I 9 (6.8%) 3 (5.4%) 4 (17.4%) 2 (4.3%) 0 (0%)
Others 6 (4.5%) 3 (5.4%) 1 (4.3%) 2 (4.3%) 0 (0%)
IDH (NGS)
Mutation 46 (43.8%) 24 (54.5%) 15 (100.0%) 6 (14.6%) 1 (20.0%) <.05
Integrated diagnosis Astrocytoma, Oligodendroglioma, Astrocytoma,
IDH-Mt IDH-Mt/1p19g-codeleted IDH-Mt
Wild type 59 (56.2%) 20 (45.5%) 0 (0%) 35 (85.4%) 4 (80.0%)
Integrated diagnosis Astrocytoma, NEC" Glioblastoma, IDH-WT
IDH (AIGS )
Mutation 44 (41.9%) 23 (52.3%) 13 (86.7%) 7 (17.1%) 1 (20.0%) <.05
Wild type 61 (58.1%) 21 (47.7%) 2 (13.3%) 34 (82.9%) 4 (80.0%)
Survival state
Death 53 (50.5%) 18 (40.9%) 1 (6.7%) 33 (80.5%) 1 (20.0%) <.05
Survival 52 (49.5%) 26 (59.1%) 14 (93.3%) 8 (19.5%) 4 (80.0%)

AIGS, automatic integrated gene detection system; F, Frontal lobe; T, Temporal lobe; |, Insula; IDH, isocitrate dehydrogenase; P, Parietal lobe; O, Occipital lobe; WHO, World Health

Organization.
92021 WHO classification standard of central nervous system tumor.

PThe necessary diagnostic tests had been successfully carried out, but in view of the incompatibility of clinical, histological, immunohistochemical and/or genetic characteristics,

WHO integrated diagnosis could not be made.

Bold text indicates that the introduction of new diagnostic standards has changed the original diagnosis of this part. Italic text indicates the 2021 version of WHO integrated

diagnostic standards, which is different from the 2016.

According to the follow-up results, approximately half patients
(50.05%) had end point events by the last follow-up, and the
median survival time of these patients was 38.9 months. The
5-year OS was 48.2% (Figure 2D).

Evaluation of the Diagnostic Effectiveness of AIGS

In 105 patients with glioma, 46 patients had IDH mutations
based on NGS. The IDH1 (R132H) mutation was detected in 44
patients by AIGS. In Supplemental Digital Content, Table 3,
heep://links.Iww.com/NEU/D532, the results of 3 detection
techniques were compared and analyzed in 37 patients. AIGS
detected IDH1 (R132H) mutation in 11 patients. Postoperative
NGS detected IDH mutations in 12 patients, and IHC detected
the IDH1 R132H mutation in 18 patients. We compared the
results reporting the time of the 3 detection techniques (Figure 3A).
The results show that AIGS has an obvious time advantage and
can be used for intraoperative diagnosis.

We evaluated the actual diagnostic efficacy of AIGS in 105
patients with glioma (Table 2). The overall accuracy of AIGS in
detecting IDH mutations was 96.2%, and Youden’s index was

NEUROSURGERY

91.8%. Ideally, IDH2 mutation cases would be excluded, ren-
dering 100% accuracy of IDH1 detection by AIGS. IHC and
AIGS were compared based on the sequencing of 37 patients. The
results showed that the diagnostic accuracy of IHC was 78.4%,
and Youden’s index was 71.4%. By contrast, the diagnostic ac-
curacy of AIGS was 97.3%, and Youden’s index was 91.7%
(Figure 3B). If IDH2 mutation cases were removed, AIGS also
achieved 100% diagnostic accuracy in IDH1 detection.

AIGS can Assist Pathologists in Intraoperative Diagnosis

A double-blind experiment showed that 8 patients in group
A had an uncertain diagnosis of “gliosis, not excepted glio-
mas.” The pathologists in group B made a rapid morpho-
logical diagnosis after obtaining the IDH mutation
information of all patients. Without considering the differ-
ence in the diagnostic level of the pathologists in the 2 groups,
only 2 cases in group B had an uncertain diagnosis (Figure
3C). After analysis, we found that among the 8 patients for
whom an accurate diagnosis of glioma could not be made, 6
cases were clearly diagnosed because they provided IDH

VOLUME 92 | NUMBER 4 | APRIL 2023 | 765
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FIGURE 2. A, Proportion distribution of various types for 105 glioma samples according to the 2016 WHO. B, A total of 105 gliomas were reclassified according to the 2021
WHO CNS5 (*histological characteristics and molecular typing do not march). C, Comparison of 2016 and 2021 WHO standard grades. D, Kaplan—Meier survival curve of
105 patients with glioma. AA, anaplastic astrocytoma; AO, anaplastic oligodendroglioma; GBM, glioblastoma; DA, diffuse astrocytoma; OD, oligodendroglioma, WHO, World

mutation information. Therefore, through the molecular
information provided by AIGS, the intraoperative diagnostic
accuracy of glioma was improved by 16.2% (Figure 3D) and
almost all cases with uncertain diagnoses were lower-grade
gliomas (LGGs), which is also consistent with the fact that
some LGGs are indeed difficult to distinguish from gliosis in
histology and morphology.

To observe the time matching between AIGS and intra-
operative rapid histopathological detection under actual condi-
tions, we recorded the time spent by 37 patients in AIGS and
intraoperative rapid histopathological detection and performed
statistical analysis. Under normal conditions, certain procedures,
such as obtaining materials, registering, checking, sending for
examination, and uploading test reports, must be performed.
Therefore, the actual average time for pathologists to perform
intraoperative rapid histopathological detection was 55.3 minutes,
whereas the average time for AIGS in the operating room was
59.2 minutes (Figure 3A).
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Determining Tumor Molecular Margins

IDH mutations are not present in normal brain tissue. Thus,
in patients with glioma with IDH mutations, if the IDH
mutation is not present at the margin of the tumor cavity, it is
hypothesized that the surgical resection has reached normal
brain tissue. According to this hypothesis, we assessed the
molecular margins in 5 of the 37 patients who were diagnosed
as IDH-positive during surgery. In this article, we show the
actual operation of patient 7 (Supplemental Digital Content,
Table 3, heep://links.lww.com/NEU/D532). The surgical tu-
mor cavity was similar to that of a hemisphere with a downward
arc. We determined the suspicious margins in the anterior,
posterior, lateral, deep, and medial directions according to the
operation conditions and obtained materials from the suspi-
cious parts in each direction (Figure 4A and Video). The results
showed that in the other 4 directions, the results were negative
except for the area behind the tumor cavity, demonstrating that
the operation had reached normal brain tissue. We cleaned and

neurosurgery-online.com
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FIGURE 3. A, Time comparison. The average time of AIGS real-time fluorescence PCR detection was 59.2 minutes. The average time of intraoperative rapid histopathological
detection was approximately 55.4 minutes. Routine pathological results were available 7 days after the operation, and the average time for NGS detection was 9.2 days. B, Taking
the NGS results as the gold standard, the results of AIGS real-time fluorescence PCR were compared with IHC (total = 37). C, Comparison of the diagnosis results of the
pathologists in group A and group B in intraoperative histopathological diagnosis. D, Double-blind comparison of AIGS in improving the accuracy of pathologists’ intraoperative
diagnoses. Compared with group A, group B improved the diagnostic accuracy of glioma by 16.2%, and the diagnostic rate of uncertainty decreased. AIGS, automatic integrated

gene detection system; NGS, next-generation sequencing.

removed the posterior area again and took samples for testing. (Figure 4B and 4C). Postoperative MRI showed that the re-
The second test result showed that IDH was negative, dem- section was clean, and there was no obvious residue at the edge
onstrating that the normal margin was reached after reresection (Figure 4D).

TABLE 2. Comparison of Diagnostic Efficacy of AIGS in 2 Cohorts

Total = 105 Total = 37

Performance factors AIGS AIGS® p° IHC AIGS AIGS® p°

Accuracy 96.2% 100% <.05 78.4% 97.3% 100% <0.05

Sensitivity 93.5% 100% 91.7% 91.7% 100%

Specificity 98.3% 100% 72% 100% 100%

Youden'’s index 91.8% 100% 63.7% 91.7% 100%

PPV 97.7% 100% 61.1% 100% 100%

NPV 95.1% 100% 94.7% 96.2% 100%

AIGS, automatic integrated gene detection system; IHC, immunohistochemistry; PPV, positive predictive value; NPV, negative predictive value.
“Compared with NGS detection results, IDH2 mutation was excluded.
b2 test of diagnostic consistency between AIGS and NGS.
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DISCUSSION

In the field of neuro-oncology, it has been confirmed that IDH
mutation status is significant in the prognosis of patients with
glioma. Although relevant studies believe that compared with
HGG IDH wild type, the scope of surgical resection can affect the
recurrence and OS of patients with IDH-mutant glioma ,' "% it is
undeniable that according to the current treatment standards for
glioma, regardless of its gene mutation, the principle of surgical
resection should be followed to the maximum extent of safety.
Nevertheless, it is still of great significance to determine the tumor
boundary and nature of surgery for selecting surgical strategies.'*

In the past decade, researchers have tried detecting gene mutations
quickly through different detection technologies (Table 3).!%:14-23
There are 2 main technologies: mass spectrum (MS) and PCR.
Between these methods, MS has the advantage of fast detection, but
because its detection principle is based on the metabolite 2-
hydroxyglutaric acid (2-HG) as an indirect reflection of the muta-
ton status of IDH, the application of MS has certain limitations,
namely, it cannot be used for IDH typing or for detecting other
molecular mutations. Compared with MS, PCR technology after
transformation and upgrading stll has no advantage in detection

768 | VOLUME 92 | NUMBER 4 | APRIL 2023

time, but it has high detection sensitivity and specificity. Moreover,
different probes can be designed to distinguish IDH subtypes.
Similarly, different primers can also be designed to detect various
molecular mutations (such as TERTp). Although molecular de-
tection technology has existed for more than 40 years, very few of its
applications can be used in surgery and even fewer can achieve clinical
transformation or commercialization. Our research is also based on
PCR technology, but in contrast to our predecessors, we use highly
automated integration of sample detection and result output. Si-
multaneously, the specific primer and probe design further com-
presses the time and can support the simultaneous detection of
multiple samples, which greatly improves the surgical efficiency and
increases the accuracy of the diagnosis and treatment. For intra-
operative histopathological diagnosis, the pathologist should assess
the nature of the tumor in a short time, so the accuracy of actual
diagnosis is affected, especially for LGG. It is occasionally difficult to
distinguish gliomas from gliosis based on morphology, prompting
neurosurgeons to choose a more conservative surgical scheme and
leave residual tumor. Therefore, if the diagnostic information of
specific molecules can be obtained during the operation, the diag-
nostic accuracy of pathologists during the operation will be greatly
improved. Our research found that this is indeed the case. According
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TABLE 3. Summary of published series of intraoperative rapid molecular detection
Lower limit Clinical
Correlational Detection Detection Detection of transformation/
research method index® Number of cases duration detection® Sample Measurement commercialization
Kanamori, et al FMCA-Cold IDH1/2 28 (intraoperative)  60-65 min - Tumor  Accuracy: 100% N
2014 PCR
Santagata, et al DESI-MS 2-HG 35 (intraoperative) >10 min 3 pumol/g Tumor  Accuracy: 100% Y
(2014)"°
Shankar, et al PNA/LNA- IDH1 190 (frozen + <60 min Allele Tumor  Sensitivity: 96% Y
(2015)'° PCR R132H/L/C/ archived fixed) content > Specificity:
(OperaGen) G/S 0.1% 100%
TERTp
Ohka, et al I-Densy- IDH1 R132H 11 (intraoperative) 90-100 min  3.25 ng/uL Tumor/ Accuracy: 100% Y
(2017)" Regular PCR CSF
Xu, et al (2019)18 GC-MS 2-HG 220 (frozen) + 87 40 min 54 ],LM/972 Tumor  Accuracy: 100% N
(intraoperative) mM/g
Brown, et al Mini-MS 2-HG 25 (biopsy) 3 min - Tumor  Accuracy: 100% Y
(2019)"°
Alfaro,et al DESI-MS 2-HG 37 (frozen) + 25 5 min >100 ng/mg  Tumor Sensitivity: Y
(2019)'° (biopsy) 100%
Specificity:
100%
Sim, et al (2019)20 HPLC-MS/MS ~ 2-HG/R-2- 87 (intraoperative) 60 min 10 ng/mL Tumor  Sensitivity: 97% N
HG/S-2-HG Specificity:
100%
Diplas, et al LNA-PCR IDH1/2 39 (frozen) <60 min 10 ng/mL Tumor Sensitivity: Y
(2019)* (GliomaDx) TERTp 99%-100%
Avsar, et al 3m-ARMS IDH1/2 236 (frozen) 60 min <100 fg Tumor/ Accuracy: N
(2020)*2 CSF/ 98.3%
blood NPV: 100%
Fujioka, (2021)23 Digital PCR  IDH/TERTp/ 34 (intraoperative) 110-147 20 ng/mL CSF FP=0 Y
H3 + 11 (preoperative i
CSF)
Our research AIGS- IDH1 105 (frozen) + 37 59.2 min 500 copies/  Tumor  Accuracy: 100% Y
Realtime PCR R132H/L/C/ (intraoperative) mL
G/S
TERTp

AIGS, automatic integrated gene detection system; IDH, isocitrate dehydrogenase.

*The detection index is only based on the test results of the number of cases included in the author’s article.
The difference in the measurement unit of the lower limit of detection is caused by the difference in detection technology and the detection method.

to the IDH mutation information provided by the AIGS, the ac-
curacy of pathologists in intraoperative diagnosis was improved by
16.2%, and a more accurate integrated diagnosis could be obtained
during the operation. This information plays an important role in the
selection of a surgical strategy and the prediction of prognosis.
The invasive growth of glioma poses great difficulties in surgical
resection. Therefore, achieving maximum safe resection is a
common problem faced by all neurosurgeons.?*>> Determination
of the tumor margin is critical. Intraoperative fluorescence
imaging-assisted technology, intraoperative magnetic resonance
technology, neuronavigation technology, and intraoperative
wake-up technology represent useful methods. These technologies
can be used for maximum removal of the solid margin or
functional margin of the tumor.?*?” As early as 2015, Shankar
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etal'® suggested the application of a molecular detection system to
analyze tumor margins in their research. However, because of the
lagging development of intraoperative molecular diagnostic
technology, this concept cannot be further confirmed. Recently,
we have conducted continuous research in molecular diagnostic
technology, which makes accurate and rapid molecular detection a
reality. Therefore, we proposed the concept of tumor molecular
margins. Given the absence of IDH and TERTp mutations in
normal brain tissue, we can take multipoint samples from sus-
picious lesions at the junction between the tumor and normal
brain tissue, and these samples can be assessed by AIGS. In this
article, the presence of an IDH (or TERTp) mutation indicates
the presence of tumor tissue. If the test result of suspicious
orientation is negative, it indicates that the operation has reached
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normal brain tissue. If there is a positive result, the tumor can be
resected again in the corresponding orientation. The margin
position after resection can be tested again until the result is
negative to obtain total resection at the molecular level.

Limitations

At present, AIGS only targets the most common IDH1 mu-
tation in gliomas, achieving a balance between economic interests
and actual conditions. The “molecular margin” proposed by us
only proves that the site has reached the boundary within a certain
sensitivity range through our detection technology, but this does
not mean that there are no tumor cells. Because the lower limit of
sensitivity of our detection technology is 500 copies/mL (Sup-
plemental Digital Content, Table 4, http://links.Iww.com/
NEU/D533), the number of cells below this value cannot be
detected within the specified time. In our study, we only assessed
the molecular margins of 5 samples. Although the results are
satisfactory, we still should expand the sample size to verify more
scientific conclusions, which is part of our ongoing work. AIGS
detection technology theoretically takes 54 min. Although this
method takes the shortest time among the methods researched, it
may affect the operation that takes a shorter time. Moreover, the
time cost of determining the molecular margin by iteration may be
further increased. However, we are constantly optimizing our
products and can reduce the time to approximately 35 min.

CONCLUSION

AIGS can assist pathologists in making more accurate his-
tological diagnoses by providing molecular information, which is
also important for selecting surgical strategies and intratumoral
targeted drugs. The multichannel synchronous detection of
the AIGS instrument can be used to achieve multipoint and
multiple sampling of the suspicious margin of the tumor to
clarify the molecular margin in patients with IDH-mutant
glioma, thus providing a theoretical basis for and demonstrat-
ing the practical feasibility of total resection of glioma at the
molecular level.
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Supplementary Figure 1. IDH1 gene mutation detection integrated nucleic acid
detection cassette (The Beijing Synapse Biotechnology Company). A, Box body; B,
box cover; C, cracking chamber with cracking liquid; D, a first cleaning chamber
with a first cleaning solution; E, a second cleaning chamber with a second cleaning
solution; F, reaction chamber (including the primer probe mixture of IDH1 gene);
G, plunger; H, a magnetic bead that can pass through the plug hole.
Supplementary Figure 2. Results of tumor samples detected by NGS. Integrated
Genomics Viewer (IGV, The GenomiCare Company) result diagram. A, IDH1
R132H mutant; B, IDH wild type.

Supplementary Table 1. To determine the optimal sampling volume and ho-
mogenate volume of rapid molecular pathology during operation.
Supplementary Table 2. The best primers and probes were selected according to
the CT value.

Supplementary Table 3. Clinicopathological characteristics of 37 patients who
were detected by the AIGS technique during operation.

Supplementary Table 4. Determining the lower limit of AIGS detection.

VIDEO. In the form of surgical video, the key steps in the operation are inter-
cepted to demonstrate the process of multipoint material extraction and deter-
mination of the tumor molecular boundary.
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