





Extended DataFig.10|See next page for caption.



Extended DataFig.10 | Comparison of FastGliomaand surgical adjuncts for
diffuse gliomaresection. a, Classification performance for distinguishing
betweennormal brain and dense tumour by FastGlioma versus surgical
adjuncts ondiffuse gliomas, IDH-mutation. FLAIR positivity in IDH-mutant
gliomasis considered aradiographic marker of tumour infiltration and is used
todefine extent of resection®. In our matched cohort, FastGliomabalanced
accuracyis +11.8% compared to FLAIR positivity. FLAIR had relatively lower
specificity due toahigher number of false positives. Non-specific causes of
FLAIR positivity, such as vasogenic oedema, resultin decreased accuracy.

b, Classification performance of FastGlioma versus surgical adjuncts on
glioblastomas, IDH-wildtype. Patients with complete removal of contrast
enhancing regions haveimproved progression-free and overall survival*®,
Inour matched cohort, FastGliomabalanced accuracy is +13.8% compared to
contrast enhancement for IDH-wildtype glioblastomas. Tumour infiltration
isknown to extend beyond regions of contrastenhancement and dense,

viable tumour isidentified in non-enhancing regions®*. Our findings of poor
sensitivity are consistent with previous radiopathologic correlation studies®°.
5-ALA fluorescenceis usedin glioblastomasurgery to guide surgical resection®,
Previous studies have reported awide range of sensitivity and specificity
values of 5-ALA fluorescence as anindicator of tumour infiltration depending
ontumour types, tumour grade, and recurrence status®**¢%, In our matched
cohort, FastGliomaachieveda +13.5% increase in balanced accuracy compared
to 5-ALA. ¢, Illustrative examples of matched surgical specimens with
FastGlioma predictions, neuronavigation coordinates, radiographic features,
and 5-ALAstatus. The lower left shows concordance between FLAIR positivity
and FastGlioma prediction with dense tumour within the specimen. Centre
showsaspecimenoutside the contrastenhancing rim of aglioblastoma with
white matter tumour infiltrationidentified by FastGlioma. Lower right shows
anexample of 5-ALA fluorescent positive tissue. The patienthad arecurrent
glioblastoma with associated treatment effect and reactive astrocytes.
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Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

Confirmed
The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

< The statistical test(s) used AND whether they are one- or two-sided
N Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested
A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

< A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
2~ AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
N Give P values as exact values whenever suitable.

|:| For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

|X| For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

O0OX O OO0 000F%

|Z| Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection  The software and code used in this study for development of the FastGlioma model is publicly available at https://github.com/MLNeurosurg/
fastglioma. Proprietary software used in the NIO Imaging System (Invenio Imaging, Inc) was used for optical imaging.

Data analysis All code was implemented in Python (version 3.9) using PyTorch Lightning (1.8.4) as the primary machine learning framework. The following
packages were used for data analysis: pydicom (2.3.1), tifffile (2020.10.10), PyTorch (1.13.0), torchvision (0.14.0), pandas (1.5.3), NumPy
(1.23.5), matplotlib (3.6.3), opencv-python (3.7.0), and scikit-learn (1.4.1). For data visualization and scientific plotting, we used R (3.5.2)
packages ggplot2 (3.3.5), dplyr (2.1.1), and the tidyverse (1.3.1). All code and scripts to reproduce the experiments of this paper are available
on GitHub at https://github.com/MLNeurosurg/fastglioma under an MIT license.

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.




Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

The FastGlioma model parameters will be made publicly available for investigational use only under a MIT license through HuggingFace (https://huggingface.co/
mlinslab/fastglioma). Institutional Review Board approval was obtained from all participating institutions for SRH imaging and data collection. Restrictions apply to
the availability of raw patient imaging or genetic data, which were used with institutional permission through IRB approval for the current study, and are thus not
publicly available. All data sharing between medical centers is regulated through data use agreements with the study authors. A similar data sharing protocol may
be established for interested investigators. Public access to an open-source repository of SRH images can be found at OpenSRH (https://opensrh.mlins.org/). Please
contact the corresponding authors (T.H., S.H.J.) for any requests for data sharing. All requests will be evaluated based on institutional and departmental policies to
determine whether the data requested is subject to intellectual property or patient privacy obligations. Data can only be shared for non-commercial academic
purposes and will require a formal material transfer agreement.

Research involving human participants, their data, or biological material

Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender All reported findings apply to patients of any sex or gender. Subgroup analysis was performed based on sex and gender. See
Extended Data Figure 6.

Reporting on race, ethnicity, or ' All reported findings apply to patients of any race, ethnicity, and other socially relevant groupings. Subgroup analysis was

other socially relevant performed based on race, ethnicity, and other social relevant groupings. See Extended Data Figure 6.
groupings
Population characteristics Prospective testing dataset characteristics:

Sex: Males=128, Female=92

Age: < 35 year=32, 35-55 years=74, > 55 years=75

Race: White=157, Non-white=45

Recurrence status: Primary=148, Recurrent=70, unknown=2
WHO grade: =10, 11=38, 111=31, V=130, unknown=11

IDH status: Wildtype=119, Mutant=81, unknown=20

Recruitment Patients were recruited by clinical staff at the time of initial presentation and/or immediately preoperatively. Patients with
suspected diffuse glioma were identified as potential study candidates preoperatively. Patients were recruited consecutively
and based on clinical presentation without systematic screening or exclusion. All patients were treated according the
standard-of-care based on the local hospital system. Self-selection bias was of minimal concern because FastGlioma testing
was non-interventional and did not effect patient treatment. Inclusion criteria for SRH imaging and FastGlioma testing: (1)
patient age > 18 years old, (2) a suspected diffuse glioma on preoperative radiographic imaging, and (3) planned brain tumor
resection. Exclusion criteria included: (1) aborted tumor resection, (2) non-glioma final pathology, and (3) SRH imager
malfunction.

Ethics oversight University of Michigan Institutional Review Board (HUMO00083059)

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

|Z| Life sciences |:| Behavioural & social sciences |:| Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size We elected to perform prospective, international, multicenter clinical testing of FastGlioma in order to adhere to the rigorous standards of
responsible machine learning in healthcare. Our prospective clinical testing was designed using the same principles as a
non-inferiority diagnostic clinical trial. We set the expected accuracy for both the control and experimental arms to be 93.2%, the equivalence
limit was set to 5%, power to 90%, and alpha to 2%, resulting in a sample size value of 565 SRH images from
surgical margins. We aimed to achieve this sample size for both IDH-wildtype and IDH-mutant diffuse gliomas, resulting in a final minimum
sample size of 1130 surgical specimens. All sample size calculations were performed using the epiR package
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(version 2.0.46) in R (version 3.6.3).

Data exclusions  Exclusion criteria for SRH imaging was (1) insufficient diagnostic tissue as determined by surgeon or pathologist, (2) grossly inadequate tissue
(e.g. hemorrhagic, necrotic, fibrous, liquid, etc.), and (3) SRH imager malfunction.

Replication We performed a leave-K-out cross-validation, such that our methods were replicated across different subsets, or folds, of the training dataset.
We were able to replicate FastGlioma performance results across each fold, which included a minimum of 5 held-out evaluation sets. We also
replicated our predictions results across three external, independent, international medical centers.

Randomization  Randomization was not relevant for this study. Study design was as a single-arm, non-interventional, diagnostic, clinical trial. Direct one-to-
one comparison was made between FastGlioma versus image-guided and fluorescence-guided surgery. Matched comparison between
FastGlioma predictions of surgical specimens and radiographic/fluorescent features necessitated evaluation for both modalities. Surgical
specimens imaged in the operating room were selected by the clinician and the remainder of the clinical brain tumor specimen was sent for
final pathologic analysis.

Blinding Surgical procedures could not be blinded to the surgeon. Pathologists evaluated the SRH and H&E/IHC specimens independently without

patient information. Final FastGlioma inference was performed without PHI and tumor infiltration labels. There were no sources of data
leakage during model training or inference.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems Methods

n/a | Involved in the study n/a | Involved in the study
Antibodies |:| ChiIP-seq
Eukaryotic cell lines |:| Flow cytometry
Palaeontology and archaeology |:| MRI-based neuroimaging

Animals and other organisms
Clinical data

Dual use research of concern

XX CTX X X X
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Plants

Clinical data

Policy information about clinical studies
All manuscripts should comply with the ICMJE guidelines for publication of clinical research and a completed CONSORT checklist must be included with all submissions.

Clinical trial registration  Our prospective study was a non-interventional, diagnostic study so does not meet criteria for clinical trial registration.

Study protocol Prospective study protocol can be found at this link: https://www.dropbox.com/scl/fi/rz5x8g4ybnqo7rtj4nh5v/Prospective-
Diagnostic-Testing-of-FastGlioma-for-Intraoperative-Tumor-Infiltration-Detection.docx?rlkey=6yrcuj7slucbjua55ikr2hauv&dI=0

Data collection Three medical centers acted as external FastGlioma testing sites: University of California San Francisco, New York University, and
Medical University of Vienna. Each center collected prospective data over the following intervals: UCSF: 03/2022-02/2023, NYU:
06/2020-03/2023, MUV: 11/2020-07/2023, Each medical center prospectively enrolled patients for testing. Inclusion criteria were:
(1) patient age greater or equal to 18 years old, (2) a suspected diffuse glioma on preoperative radiographic imaging, and (3) planned
brain tumor resection. Exclusion criteria included: (1) aborted tumor resection, (2) non-glioma final pathology, and (3) SRH imager
malfunction. We aimed to accurately simulate the clinical setting that FastGlioma would be implemented for surgical interventions.

Outcomes Primary testing endpoint was SRH-based tumor infiltation detection with FastGlioma. Second testing endpoint was was to compare
the FastGlioma intraoperative workflow (experimental arm) with the two most common surgical adjuncts for identifying tumor
infiltration intraoperatively (control arm) in a simulated prospective surgical trial. 'Simulated' terminology is used because FastGlioma
is not approved by the Food and Drug Administration or European Medicines Agency to guide treatment decisions, such as extent of
tumor resections.
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Plants

Seed stocks

Novel plant genotypes

Authentication

Report on the source of all seed stocks or other plant material used. If applicable, state the seed stock centre and catalogue number. If
plant specimens were collected from the field, describe the collection location, date and sampling procedures.

Describe the methods by which all novel plant genotypes were produced. This includes those generated by transgenic approaches,
gene editing, chemical/radiation-based mutagenesis and hybridization. For transgenic lines, describe the transformation method, the
number of independent lines analyzed and the generation upon which experiments were performed. For gene-edited lines, describe
the editor used, the endogenous sequence targeted for editing, the targeting guide RNA sequence (if applicable) and how the editor

was applied: ) )
DPescribe-any-atithentication-proceduresforeach-seed-stock-tised-ornovel-genotype-generated—Describe-any-experiments-used-to

assess the effect of a mutation and, where applicable, how potential secondary effects (e.g. second site T-DNA insertions, mosiacism,
off-target gene editing) were examined.
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