[bookmark: _Hlk98103549][bookmark: _Toc10594]Supplementary Methods
[bookmark: _Toc14953]Study participants
The internal cohort comprised 172 H&E-stained whole-slide images (WSIs) from 79 patients with primary central nervous system lymphoma (PCNSL) and 597 WSIs from 353 patients with glioma at our center. External Cohort 1 comprised 300 tumor WSIs from 300 patients, including 49 patients with PCNSL and 251 patients with glioma at external centers. External Cohort 2 comprised 386 tumor WSIs from 386 patients, including 364 patients with glioma and 22 patients with PCNSL. A proof-of-concept study comprised 68 H&E-stained WSIs from 7 patients with PCNSL and 61 patients with glioma. All included patients met the following criteria: (1) confirmed diagnosis of glioma or PCNSL through immunohistochemical and molecular testing of formalin-fixed paraffin-embedded (FFPE) samples, and (2) availability of H&E-stained frozen samples. We excluded scanned slides with poor quality, such as those that were out of focus, had dull staining, or had obvious tissue folds.

[bookmark: _Toc975]LGNet evaluation
[bookmark: OLE_LINK139]The color normalization process for each Whole Slide Image (WSI) during preprocessing was time-consuming, taking up to 10 minutes. To reduce the time spent on data preprocessing, the model's performance was evaluated by comparing the tissue patches that underwent color normalization with those that did not.

[bookmark: _Toc32153]Reader study
Previous studies 1-3 have identified several morphological features that suggest PCNSL, including perivascular cuffing of tumor cells, monomorphic nuclei, prominent nucleoli, scant cytoplasm, poorly cohesive cells, the presence of apoptosis, and lack of a fibrillary background. However, some of these features, such as monomorphic nuclei, scant cytoplasm, and lack of a fibrillary background, can also be present in glioma. Additionally, microvascular proliferation and necrosis are more commonly seen in high-grade gliomas. On the other hand, low-grade gliomas are characterized by cytological atypia, which refers to a variation in nuclear shape and size with accompanying hyperchromasia 4. To evaluate the correlation between these histopathological characteristics and LGNet's misdiagnosis, we included these ten features in our study. Two expert pathologists worked together to identify which characteristics were present in each slide. We then compared the histopathological features of misdiagnosed cases with those of correctly diagnosed cases to gain a better understanding of LGNet's performance.

[bookmark: _Toc27641]Human-machine fusion
Briefly, the fusion prediction  for certain slide is defined as a weighted sum of  and, where  denotes the two-element output probability vector from LGNet, and  denotes the confidence of the pathologist obtained by a linear transformation from the 6 self-confidence scales [1, 2, 3, 4, 5, 6] to the corresponding probabilities [0.2, 0.32, 0.44, 0.56, 0.68, 0.8], with 0.5 as the threshold between PCNSL and glioma prediction. Formally, the fused prediction  from the LGNet and the pathologist is defined as below,
,                    (1)
Based on the comparisons between different designs of the weight  in our previous study 5, we finally set  as follow, 
,                                 (2)
where  and  respectively represent the uncertainties of LGNet’s prediction and the pathologist’s diagnosis.
As for the uncertainty of LGNet prediction,, the entropy of the two-element output was widely adopted, i.e., 
,               (3)
where  and are the two elements of LGNet output , with  representing LGNet’s probability prediction of the input data being glioma, and  of being PCNSL and equal to (). The uncertainty of the pathologist’s diagnosis,, could be obtained in the same way.
Note that  becomes maximum when the model is at the most uncertain status (i.e., ). However, since the threshold T to dichotomize the output of LGNet has been adjusted to satisfy the EER (equal error rate) requirement on the internal dataset, it suggests that  should become maximum when  is equal to the threshold T. With this observation, the original  is modified to  by a simple linear transformation as follows,
                              (4)     
and similarly  is modified to . The modified  and, called   and  were used to estimate the uncertainty  based on Formula (3). Also note that the human-machine fusion strategy is predefined and not involved in the training of LGNet.


[bookmark: _Toc13457]Supplementary results
[bookmark: _Toc27344]LGNet performance
[bookmark: OLE_LINK140][bookmark: OLE_LINK86]The LGNet's performance on External Cohorts 1 and 2 was evaluated after color normalization during WSI preprocessing. On External Cohort 1, LGNet achieved an AUROC of 0·964 (95% CI 0·94-0·99), sensitivity of 0·918 (95% CI 0·80-0·98), and specificity of 0·849 (95% CI 0·80-0·89). On External Cohort 2, LGNet obtained an AUROC of 0·977 (95% CI 0·95-1·00), sensitivity of 0·955 (95% CI 0·77-1·00), and specificity of 0·824 (95% CI 0·78-0·86) (Supplementary Table 3). 


Supplementary Figure Legends
Supplementary Figure 1. The comparison of the diagnostic performance between pathologist with and without the assistance of LGNet on the external cohort 2. The performance was measured using three parameters: Sensitivity (A), Specificity (B), AUROC (C). Pathologist 1, with no prior experience in intraoperative diagnosis; Pathologist 2, having five years of experience in intraoperative diagnosis; Pathologist 3, having up to ten years of experience in intraoperative diagnosis; Pathologist (unassisted), working without the aid of LGNet; Pathologist (assisted), assisted by LGNet; AUROC, the area under the receiver operating characteristic; NS, no significance.

Supplementary Figure 2. The comparison of the fusion prediction from LGNet and pathologist on the external cohort 2. The performance was measured using three parameters: Sensitivity (A), Specificity (B), AUROC (C). Pathologist 1, with no prior experience in intraoperative diagnosis; Pathologist 2, having five years of experience in intraoperative diagnosis; Pathologist 3, having up to ten years of experience in intraoperative diagnosis; Pathologist (unassisted), working without the aid of LGNet; Pathologist (assisted), assisted by LGNet; AUROC, the area under the receiver operating characteristic; Original fusion, the fusion from LGNet’s prediction and pathologist’s original diagnosis; Modified fusion, the fusion from LGNet’s prediction and pathologist’s modified diagnosis；NS, no significance.

Supplementary Figure 3. Confusion matrix based on LGNet prediction and the ground-truth classification of all patients. A. The confusion matrix of the external cohort 1. B. The confusion matrix of the external cohort 2. The frequencies are shown on a color gradient scale.

Supplementary Figure 4. The representative cases of unsuccessfully predicted by LGNet. A-C The representative histological images of patients with glioma from the Internal cohort, External cohort 1, and External cohort 2, respectively. The heatmaps that overlapped on these three WSIs (middle column) revealed that tumor tiles with a high score were mostly predicted as PCNSL (reddish color). Tiles with a high score were mainly found in areas with monomorphic nuclei and/or conspicuous nucleoli (right column, tiles magnified 10 times). D-F Internal cohort, External cohort 1 and External cohort 2 histological images (left column) of patients with PCNSL were shown. The overlapping heatmaps on these three WSIs (middle column) revealed that tumor tiles were mostly predicted as glioma with a low score (bluish color). LGNet was able to duplicate all results consistently. Tiles with a low score were more likely to be found in areas with fibrillary background and diversity in nuclear form and size, as well as hyperchromasia (right column, tiles magnified 10 times).

Supplementary Figure 5. The comparison of the time taken by LGNet prediction and pathologist’s first diagnosis. Pathologist A was a pathologist without any experience in intraoperative diagnosis, whereas Pathologist B had up to 10 years of experience in this field; first diagnosis, pathologist’s diagnosis without the assistance of LGNet.
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[bookmark: OLE_LINK142]Supplementary Figure 2
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Supplementary Tables 
Supplementary Table 1. The baseline of study participants
	Baseline characteristics
	Internal cohort
	External cohort 1
	External cohort 2
	The proof-of-concept cohort
	P

	Patients 
	432
	300
	386
	68
	

	Slides
	769
	300
	386
	68
	

	Histopathological classification 
	
	
	
	
	<0.001

	PCNSL slides
	172 (22.4%)
	49 (16.3%)
	22 (5.7%)
	7 (10.3%)
	

	Glioma slides
	597 (77.6%)
	251 (83.7%)
	364 (94.3%)
	61 (89.7%)
	

	Age (Mean age, ±SD)
	46.558±16.415
	42.097±19.668
	40.590±17.705
	46.529±15.908
	<0.001

	Gender
	
	
	
	
	0.29

	Male
	238 (55.1%)
	176 (58.7%)
	234 (60.6%)
	35 (51.5%)
	

	    Female
	194 (44.9%)
	124 (41.3%)
	152 (39.4%)
	33 (48.5%)
	

	Country where patients were recruited
	
	
	
	
	

	China
	432
	300
	386
	68
	

	Centers where patients were recruited
	
	
	
	
	<0.001

	Sun Yat-sen University Cancer Center
	432 (100.0%)
	0 (0.0%)
	0 (0.0%)
	68 (100.0%)
	

	Zhujiang Hospital, Southern Medical University
	0 (0.0%)
	300 (100.0%)
	0 (0.0%)
	0 (0.0%)
	

	Nanfang Hospital, Southern Medical University
	0 (0.0%)
	0 (0.0%)
	364 (94.3%)
	0 (0.0%)
	

	The First Affiliated Hospital, Sun Yat-sen University
	0 (0.0%)
	0 (0.0%)
	22 (5.7%)
	0 (0.0%)
	

	Race/ethnicity
	
	
	
	
	

	 Asian
	432
	300
	386
	68 
	

	Geographical region
	
	
	
	
	0.10

	 South of China
	323 (74.8%)
	235 (78.3%)
	307 (79.5%)
	46 (67.6%)
	

	 North of China
	109 (25.2%)
	65 (21.7%)
	79 (20.5%)
	22 (32.4%)
	


Note: The baseline of study participants from different datasets were compared using Chi-square test or variance analysis. The P value was evaluated from a two-sided test. Adjustments were made for multiple comparisons.

Supplementary Table 2. The performance of LGNet based on five-fold cross validation on internal cohort
	Slide level

	Folds
	Sensitivity
 (95% CI)
	Specificity
(95% CI)
	NPV (95% CI)
	PPV (95% CI)
	AUROC (95% CI)

	Fold 1
	0.933
(0.68, 1.00)
	0.912
(0.81, 0.97)
	0.981
(0.90, 1.00)
	0.737
(0.49, 0.91)
	0.994
(0.98, 1.00)

	Fold 2
	0.833
(0.59, 0.96)
	1.000
(0.94, 1.00)
	0.955
(0.87, 0.99)
	1.000
(0.78, 1.00)
	0.990
(0.97, 1.00)

	Fold 3
	1.000
(0.77, 1.00)
	0.965
(0.88, 1.00)
	1.000
(0.94, 1.00)
	0.875
(0.62, 0.98)
	0.999
(0.99, 1.00)

	Fold 4
	0.875
(0.68, 0.97)
	0.910
(0.82, 0.96)
	0.959
(0.89, 0.99)
	0.750
(0.55, 0.89)
	0.981
(0.96, 1.00)

	Fold 5
	0.952
(0.76, 1.00)
	0.969
(0.89, 1.00)
	0.984
(0.92, 1.00)
	0.909
(0.71, 0.99)
	0.995
(0.99, 1.00)

	Averaged
	0.919±0.066
	0.951±0.039
	0.976±0.019
	0.854±0.111
	0.992±0.007

	Patient level

	Folds
	Sensitivity 
(95% CI)
	Specificity
 (95% CI)
	NPV (95% CI)
	PPV (95% CI)
	AUROC (95% CI)

	Fold 1
	1.000
(0.48, 1.00)
	0.950
(0.83, 0.99)
	1.000
(0.91, 1.00)
	0.714
(0.29, 0.96)
	1.000
(1.00, 1.00)

	Fold 2
	0.875
 (0.47, 1.00)
	1.000
(0.91, 1.00)
	0.974
(0.86, 1.00)
	1.000
(0.59, 1.00)
	0.990
(0.97, 1.01)

	Fold 3
	1.000
(0.59, 1.00)
	1.000
(0.90, 1.00)
	1.000
(0.90, 1.00)
	1.000
(0.59, 1.00)
	1.000
(1.00, 1.00)

	Fold 4
	0.833
(0.52, 0.98)
	1.000
(0.92, 1.00)
	0.957
(0.85, 0.99)
	1.000
(0.69, 1.00)
	1.000
(1.00, 1.00)

	Fold 5
	1.000
(0.69, 1.00)
	0.974
(0.86, 1.00)
	1.000
(0.91, 1.00)
	0.909
(0.59, 1.00)
	0.995
(0.98, 1.00)

	Averaged
	0.942±0.081
	0.985±0.022
	0.986±0.198
	0.925±0.124
	0.997±0.004


Note: 95% confidence intervals are shown in brackets. NPV, negative predictive value; PPV, positive predictive value; AUROC, the area under the receiver operating characteristic.
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Supplementary Table 3. The performance comparison between LGNet with and without color normalization on External cohort 1 and External cohort 2
	Methods
	External cohort 1

	
	Sensitivity
	Difference
	P
	Specificity
	Difference
	P
	AUROC
	Difference
	P

	LGNet without color normalization (vahadane)
	0.857
	NA
	NA
	0.912
	NA
	NA
	0.965
	NA
	NA

	LGNet with color normalization (vahadane)
	0.918
	0.061
	0.25
	0.849
	-0.063
	<0.001
	0.964
	-0.001
	0.75

	
	External cohort 2

	LGNet without color normalization (vahadane)
	0.955
	NA
	NA
	0.868
	NA
	NA
	0.972
	NA
	NA

	LGNet with color normalization (vahadane)
	0.955
	0.000
	1.00
	0.824
	-0.044
	0.002
	0.977
	0.005
	0.17


Note: Difference between LGNet with and without color normalization; AUROC, the area under the receiver operating characteristic; NA, not applicable. 
Supplementary Table 4. Classification performances of randomly included slides with 8% proportion of PCNSL and glioma on External cohort 2
	Random time
	AUROC (95% CI)

	Random1
	0.970 (0.94, 1.00)

	Random2
	0.974 (0.94, 1.00)

	Random3
	0.975 (0.95, 1.00)

	Random4
	0.971 (0.94, 1.00)

	Random5
	0.971 (0.94, 1.00)

	Random6
	0.972 (0.94, 1.00)

	Random7
	0.973 (0.94, 1.00)

	Random8
	0.973 (0.94, 1.00)

	Random9
	0.968 (0.94, 1.00)

	Random10
	0.976 (0.95, 1.00)

	Averaged
	0.972


Note: PCNSL, primary central nervous system lymphoma; AUROC, the area under the receiver operating characteristic; 95% CI, 95% confidence intervals.


Supplementary Table 5. The summary of histomorphological features of misdiagnosed cases by LGNet on External cohort 1 and 2
	Features
	External cohort 1
	External cohort 2

	
	Univariate
	Univariate

	
	OR (95% CI)
	P
	OR (95% CI)
	P

	Perivascular cuffing of tumor cells
	16.71 (3.45, 80.88)
	<0.001
	7.88E9 (0.00, +∞)
	1.00

	Monomorphic nuclei
	22.60 (10.15, 50.34)
	<0.001
	6.71 (3.27, 13.77)
	<0.001

	Prominent nucleoli
	27.97 (10.82, 72.35)
	<0.001
	11·66 (4.75, 28.60)
	<0.001

	Scant cytoplasm
	11.80 (6.23, 22.36)
	<0.001
	2.70 (1.54, 4.75)
	0.001

	Poorly cohesive
	12.24 (6.47, 23.17)
	<0.001
	12.63 (5.18, 30.76)
	<0.001

	Apoptosis
	6.05E9 (0.00,+∞)
	1.00
	8.13E9 (0.00, +∞)
	1.00

	Fibrillary background
	0.22 (0.12, 0.40)
	<0.001
	0.40 (0.22, 0.75)
	0.004

	Variation in nuclear shape and size with accompanying hyperchromasia
	0.06 (0.03, 0.13)
	<0.001
	0.18 (0.09, 0.37)
	<0.001

	Microvascular proliferation
	0.19 (0.05, 0.82)
	0.026
	0.43 (0.22, 0.84)
	0.013

	Necrosis
	0.35 (0.08, 1.53)
	0.16
	0.64 (0.26, 1.58)
	0.33


Note: PCNSL, primary central nervous system lymphoma. 

[bookmark: _Toc27925]Supplementary Video Recorded
Description: A file containing video recorded that was used to show pathologists’ decision-making process for differentiating PCNSL from glioma based on the deep learning model via the pathological decision support webpage.
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