
SUPPLEMENTARY MATERIALS 

Detailed methods

Patients and selection
A total of 718 patients who participated in a prospective cohort study in patients with early gastric cancer to detect prodromal 

Parkinson’s disease (PD) (EGC-PPD cohort study) were included.1 Two neurologists (J. S. and C. S.) retrospectively administered 
the Chart-Based Instrument for Delirium During Hospitalization (CHART-DEL) to all patients to determine whether they devel-
oped postoperative delirium (POD) after operation for EGC.2 

Clinical assessment
Initial evaluation and annual telephone follow-up were performed according to the EGC-PPD cohort design.1 We developed a 

Screening Questionnaire for Clinical Prodromal Markers (SQ-CPM) for the cohort (Supplementary Tables 1 and 2 in the online-
only Data Supplement). The SQ-CPM questionnaire includes questions about well-known prodromal non-motor symptoms (hy-
posmia, constipation, and rapid eye movement sleep behavior disorder (RBD) [RBD1Q]3) and validated motor symptoms for a 
survey of parkinsonism (slowness, stooped posture, rigidity, and gait instability).4,5 Patients who were suspected of having developed 
or compounded motor symptoms during the annual telephone follow-up were evaluated by movement disorder specialists to con-
firm whether they had PD or another synucleinopathy, according to the diagnostic criteria.6,7 

Additional detailed clinical evaluations were performed when a clinical diagnosis of overt parkinsonian syndromes was estab-
lished. The original version of the Unified Parkinson’s Disease Rating Scale was used to evaluate motor function and general Parkin-
sonian status.8 Non-motor symptoms were evaluated using the Montreal Cognitive Assessment-Korean version (MoCA-K),9 Frontal 
Assessment Battery (FAB),10 Non-Motor Symptoms Scale,11 RBD Screening Questionnaire (RBDSQ),12 International Prostate Symp-
tom Score (IPSS),13 International Consultation on Incontinence Questionnaire (ICIQ),14 Overactive Bladder Symptom Score,15 and 
Brief Smell Identification Test (B-SIT).16

Specimen selection
Both proximal and distal marginal blocks of the patients’ stomach specimens were used, resulting in two formalin-fixed paraffin-

embedded blocks from each patient. The patients agreed to the pathological evaluation of their specimens for research purposes. 

Immunohistochemistry
Serial 3-μm sections were cut from each surgical block for immunohistochemistry (IHC). The paraffin sections were mounted 

on a glass slide, de-waxed, rehydrated, and incubated with primary antibodies on automated machines as previously described.17,18 
A primary antibody to phosphorylated AS (pAS; 1/1,000 anti-pAS at serine 129 monoclonal Ab [EP1536Y]; Abcam ab51253, 
Cambridge, UK) was used in conjunction with the Leica Bond Max (Leica Microsystems GmbH, Wetzlar, Germany) system, in 
accordance with the manufacturer’s instructions. Bound antibodies were detected using a Bond Polymer Refine Detection System 
(Leica Biosystems, Wetzlar, Germany). 

Pathologic evaluation
The clinical information of the patients and staining methods were anonymized before presentation to the raters to prevent bias 

during pathologic evaluation. All the stained slides were scanned using a Leica slide scanner (Aperio AT2, Leica Biosystems, Wetz-
lar, Germany). Anonymized digital slides were evaluated using the Pathology Slide Viewing Software (Aperio ImageScope ver. 12.4, 
Leica Biosystems, Wetzlar, Germany). 

The pAS positive findings were conservatively defined according to our previous study17 as follows: 1) pAS IHC showing definite 
and clear staining such as “dots and fiber” or “Lewy body-like staining” pattern, as suggested in a consensus paper19 and 2) localiza-
tion in neural structures that was confirmed with anatomic inspection and neurofilament staining of adjacent slide.20 The pAS posi-
tive findings were semi-quantitatively rated as Grade 1, 2, and 3, which corresponded to sparse, moderate, and frequent, respective-
ly, in the multicenter study.17,19

A neuropathologist (SI.K.) and neurologist (C.S.), who were blinded to the anonymization procedure, separately examined the 
slides. C.S. has participated in our previous studies on gastrointestinal synucleinopathy,17,18,20 and both raters have undergone the 



training program in the microscopic reading of peripheral AS pathology of the Systemic Synuclein Sampling Study.21 Any discrep-
ancy between the two raters was resolved via a consensus meeting with independent investigators (S. P. and B. J.).

Statistical analysis
Statistical analysis was limited to the performance of a descriptive analysis because of the small number of patients with POD in 

this study.

REFERENCES

1. Shin C, Yang HK, Park S, Lee HJ, Kong SH, Suh YS, et al. Prospective cohort study of patients with early gastric cancer to detect prodromal Parkinson dis-
ease (EGC-PPD): a study protocol and baseline characteristics. J Clin Neurosci 2019;66:26-32.

2. Inouye SK, Leo-Summers L, Zhang Y, Bogardus ST Jr, Leslie DL, Agostini JV. A chart-based method for identification of delirium: validation compared 
with interviewer ratings using the confusion assessment method. J Am Geriatr Soc 2005;53:312-318.

3. Postuma RB, Arnulf I, Hogl B, Iranzo A, Miyamoto T, Dauvilliers Y, et al. A single-question screen for rapid eye movement sleep behavior disorder: a mul-
ticenter validation study. Mov Disord 2012;27:913-916.

4. Kim JM, Kim JS, Kim KW, Lee SB, Park JH, Lee JJ, et al. Study of the prevalence of Parkinson’s disease using dopamine transporter imaging. Neurol Res 
2010;32:845-851.

5. Chan DK, Hung WT, Wong A, Hu E, Beran RG. Validating a screening questionnaire for parkinsonism in Australia. J Neurol Neurosurg Psychiatry 
2000;69:117-120.

6. Postuma RB, Berg D, Stern M, Poewe W, Olanow CW, Oertel W, et al. MDS clinical diagnostic criteria for Parkinson’s disease. Mov Disord 2015;30:1591-
1601.

7. Hughes AJ, Daniel SE, Kilford L, Lees AJ. Accuracy of clinical diagnosis of idiopathic Parkinson’s disease: a clinico-pathological study of 100 cases. J Neurol 
Neurosurg Psychiatry 1992;55:181-184.

8. Fahn S, Elton RL, UPDRS Program Members. Unified Parkinson’s disease rating scale. In: Fahn S, Marsden CD, Calne DB, Goldstein M. Recent develop-
ments in Parkinson’s disease. Vol 2. New Jersey: Macmillan Healthcare Information. 1987;153-163, 293-304.

9. Lee JY, Lee DW, Cho SJ, Na DL, Jeon HJ, Kim SK, et al. Brief screening for mild cognitive impairment in elderly outpatient clinic: validation of the Korean 
version of the Montreal Cognitive Assessment. J Geriatr Psychiatry Neurol 2008;21:104-110.

10. Slachevsky A, Villalpando JM, Sarazin M, Hahn-Barma V, Pillon B, Dubois B. Frontal assessment battery and differential diagnosis of frontotemporal de-
mentia and Alzheimer disease. Arch Neurol 2004;61:1104-1107.

11. Chaudhuri KR, Martinez-Martin P, Brown RG, Sethi K, Stocchi F, Odin P, et al. The metric properties of a novel non-motor symptoms scale for Parkinson’s 
disease: Results from an international pilot study. Mov Disord 2007;22:1901-1911.

12. Stiasny-Kolster K, Mayer G, Schäfer S, Möller JC, Heinzel-Gutenbrunner M, Oertel WH. The REM sleep behavior disorder screening questionnaire--a new 
diagnostic instrument. Mov Disord 2007;22:2386-2393.

13. Barry MJ, Fowler FJ Jr, O’Leary MP, Bruskewitz RC, Holtgrewe HL, Mebust WK, et al. The American Urological Association symptom index for benign 
prostatic hyperplasia. The measurement committee of the American Urological Association. J Urol 1992;148:1549-1557; discussion 1564.

14. Avery K, Donovan J, Peters TJ, Shaw C, Gotoh M, Abrams P. ICIQ: a brief and robust measure for evaluating the symptoms and impact of urinary inconti-
nence. Neurourol Urodyn 2004;23:322-330.

15. Homma Y, Kakizaki H, Yamaguchi O, Yamanishi T, Nishizawa O, Yokoyama O, et al. Assessment of overactive bladder symptoms: comparison of 3-day 
bladder diary and the overactive bladder symptoms score. Urology 2011;77:60-64.

16. Doty RL, Marcus A, Lee WW. Development of the 12-item Cross-Cultural Smell Identification Test (CC-SIT). Laryngoscope 1996;106(3 Pt 1):353-356.
17. Shin C, Park SH, Shin JH, Yun JY, Yang HK, Lee HJ, et al. Gastric synucleinopathy as prodromal pathological biomarker in idiopathic REM sleep behav-

iour disorder. J Neurol Neurosurg Psychiatry 2021;92:450-451.
18. Shin C, Park SH, Yun JY, Shin JH, Yang HK, Lee HJ, et al. Fundamental limit of alpha-synuclein pathology in gastrointestinal biopsy as a pathologic bio-

marker of Parkinson’s disease: Comparison with surgical specimens. Parkinsonism Relat Disord 2017;44:73-78.
19. Beach TG, Corbillé AG, Letournel F, Kordower JH, Kremer T, Munoz DG, et al. Multicenter assessment of immunohistochemical methods for pathologi-

cal alpha-synuclein in sigmoid colon of autopsied Parkinson’s disease and control subjects. J Parkinsons Dis 2016;6:761-770.
20. Shin C, Park SH, Yun JY, Shin JH, Yang HK, Lee HJ, et al. Alpha-synuclein staining in non-neural structures of the gastrointestinal tract is non-specific in 

Parkinson disease. Parkinsonism Relat Disord 2018;55:15-17.
21. Visanji NP, Mollenhauer B, Beach TG, Adler CH, Coffey CS, Kopil CM, et al. The Systemic Synuclein Sampling Study: toward a biomarker for Parkinson’s 

disease. Biomark Med 2017;11:359-368.




