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Key Messages
•	 Two non-randomized studies were found regarding the clinical utility of digital pathology 

using primary case sign-out.

•	 Six systematic reviews (1 with a meta-analysis), 9 randomized controlled trials, and 21 
non-randomized studies were found regarding the diagnostic accuracy of digital pathology 
using primary case sign-out.

•	 One economic evaluation was found regarding the cost-effectiveness of digital pathology 
using primary case sign-out.

Research Questions
1.	What is the clinical utility of digital pathology using primary case sign-out?

2.	What is the diagnostic accuracy of digital pathology using primary case sign-out?

3.	What is the cost-effectiveness of digital pathology using primary case sign-out?

Methods

Literature Search Methods
A limited literature search was conducted by an information specialist on key resources 
including MEDLINE, the Cochrane Database of Systematic Reviews, the international HTA 
database, the websites of Canadian and major international health technology agencies, as 
well as a focused internet search. The search strategy comprised both controlled vocabulary, 
such as the National Library of Medicine’s MeSH (Medical Subject Headings), and keywords. 
The main search concept was digital pathology. CADTH-developed search filters were applied 
to limit retrieval to health technology assessments, systematic reviews, meta-analyses, or 
network meta-analyses, randomized controlled trials or controlled clinical trials, and economic 
studies. Where possible, retrieval was limited to the human population. The search was also 
limited to English language documents published between January 1, 2016, and October 4, 
2021. Internet links were provided, where available.

Selection Criteria
One reviewer screened literature search results (titles and abstracts) and selected 
publications according to the inclusion criteria presented in Table 1. Full texts of study 
publications were not reviewed.

Results
Six systematic reviews1-6 (1 with a meta-analysis1), 9 randomized controlled trials,7-15 and 22 
non-randomized studies16-37 were identified regarding the clinical utility or diagnostic accuracy 
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of digital pathology using primary case sign-out. One economic evaluation38 was identified 
regarding the cost-effectiveness of digital pathology using primary case sign-out. No health 
technology assessments were identified.

Additional references of potential interest that did not meet the inclusion criteria are provided 
in Appendix 1.

Table 1: Selection Criteria

Criteria Description

Population Patients suspected of disease requiring histopathology for clinical diagnosis

Intervention Digital pathology using primary case sign-out in any setting (any digital pathology including whole slide 
imaging, algorithms for dedicated morphometric analysis, algorithms employing artificial intelligence/
machine learning, natural language processing, and novel microscopic techniques [e.g., multispectral, 
Fourier transform infrared and other infrared, and second harmonic generation imaging])

Comparator Standard microscopic evaluation in a lab setting

Outcomes Q1: Clinical utility (e.g., benefits and harms, adverse events, safety considerations [i.e., correct patient 
diagnosis], patient management, patient satisfaction, quality of life).

Q2: Diagnostic accuracy (e.g., sensitivity, specificity, concordance)

Q3: Cost-effectiveness (e.g., cost per quality-adjusted life-year gained [i.e., incremental cost-
effectiveness ratio], cost per adverse event avoided)

Study designs Health technology assessments, systematic reviews, randomized controlled trials, non-randomized 
studies, economic evaluations



CADTH Reference List Digital Pathology Using Primary Case Sign-out� 5

References
Health Technology Assessments
No literature identified.

Systematic Reviews and Meta-analyses
Diagnostic Accuracy
		  1.	 Azam AS, Miligy IM, Kimani PK, et al. Diagnostic concordance and discordance in digital pathology: a systematic review and meta-analysis. J Clin Pathol. 2021 

Jul;74(7):448-455. PubMed

		  2.	 Dietz RL, Hartman DJ, Pantanowitz L. Systematic review of the use of telepathology during intraoperative consultation. Am J Clin Pathol. 
2020;153(2):198-209. PubMed

		  3.	 Girolami I, Pantanowitz L, Marletta S, et al. Diagnostic concordance between whole slide imaging and conventional light microscopy in cytopathology: a systematic 
review. Cancer Cytopathol. 2020;128(1):17-28. PubMed

		  4.	 Araujo ALD, Arboleda LPA, Palmier NR, et al. The performance of digital microscopy for primary diagnosis in human pathology: a systematic review. Virchows Arch. 
2019 Mar;474(3):269-287. PubMed

		  5.	 Goacher E, Randell R, Williams B, Treanor D. The Diagnostic concordance of whole slide imaging and light microscopy: a systematic review. Arch Pathol Lab Med. 2017 
Jan;141(1):151-161. PubMed

		  6.	 Williams BJ, DaCosta P, Goacher E, Treanor D. A systematic analysis of discordant diagnoses in digital pathology compared with light microscopy. Arch Pathol Lab 
Med. 2017 Dec;141(12):1712-1718. PubMed

Randomized Controlled Trials
Diagnostic Accuracy
		  7.	 Axley P, Mitchell R, Council L, et al. Videoconference microscopy is a reliable alternative to conventional microscopy in the evaluation of Barrett's esophagus: zooming 

into a new era. Dis Esophagus. 2021 Sep 23. PubMed

		  8.	 Samuelson MI, Chen SJ, Boukhar SA, et al. Rapid validation of whole-slide imaging for primary histopathology diagnosis. Am J Clin Pathol. 2021 04 
26;155(5):638-648. PubMed

		  9.	 Borowsky AD, Glassy EF, Wallace WD, et al. Digital whole slide imaging compared with light microscopy for primary diagnosis in surgical pathology. Arch Pathol Lab 
Med. 2020;144(10):1245-1253. PubMed

	 10.	Hanna MG, Reuter VE, Ardon O, et al. Validation of a digital pathology system including remote review during the COVID-19 pandemic. Mod Pathol. 2020 
Nov;33(11):2115-2127. PubMed

	 11.	Davidson TM, Rendi MH, Frederick PD, et al. Breast cancer prognostic factors in the digital era: comparison of Nottingham grade using whole slide images and glass 
slides. J Pathol Inform. 2019;10:11. PubMed

	 12.	Hanna MG, Reuter VE, Hameed MR, et al. Whole slide imaging equivalency and efficiency study: experience at a large academic center. Mod Pathol. 2019 
Jul;32(7):916-928. PubMed

	 13.	Mukhopadhyay S, Feldman MD, Abels E, et al. Whole slide imaging versus microscopy for primary diagnosis in surgical pathology: a multicenter blinded randomized 
noninferiority study of 1992 cases (Pivotal Study). Am J Surg Pathol. 2018 Jan;42(1):39-52. PubMed

	 14.	Elmore JG, Longton GM, Pepe MS, et al. A randomized study comparing digital imaging to traditional glass slide microscopy for breast biopsy and cancer diagnosis. J 
Pathol Inform. 2017;8:12. PubMed

	 15.	van der Wel MJ, Duits LC, Seldenrijk CA, et al. Digital microscopy as valid alternative to conventional microscopy for histological evaluation of Barrett's esophagus 
biopsies. Dis Esophagus. 2017 Nov 01;30(11):1-7. PubMed

Non-Randomized Studies
Clinical Utility and Diagnostic Accuracy
	 16.	Vodovnik A, Aghdam MRF. Complete routine remote digital pathology services. J Pathol Inform. 2018;9:36. PubMed

Clinical Utility
	 17.	Vodovnik A. Diagnostic time in digital pathology: a comparative study on 400 cases. J Pathol Inform. 2016;7:4. PubMed

Diagnostic Accuracy
	 18.	Ammendola S, Bariani E, Eccher A, et al. The histopathological diagnosis of atypical meningioma: glass slide versus whole slide imaging for grading assessment. 

Virchows Arch. 2021 Apr;478(4):747-756. PubMed

https://pubmed.ncbi.nlm.nih.gov/32934103
https://pubmed.ncbi.nlm.nih.gov/31618416
https://pubmed.ncbi.nlm.nih.gov/31600035
https://pubmed.ncbi.nlm.nih.gov/30685784
https://pubmed.ncbi.nlm.nih.gov/27399211
https://pubmed.ncbi.nlm.nih.gov/28467215
https://pubmed.ncbi.nlm.nih.gov/34553220
https://pubmed.ncbi.nlm.nih.gov/33511392
https://pubmed.ncbi.nlm.nih.gov/32057275
https://pubmed.ncbi.nlm.nih.gov/32572154
https://pubmed.ncbi.nlm.nih.gov/31057980
https://pubmed.ncbi.nlm.nih.gov/30778169
https://pubmed.ncbi.nlm.nih.gov/28961557
https://pubmed.ncbi.nlm.nih.gov/28382226
https://pubmed.ncbi.nlm.nih.gov/28881901
https://pubmed.ncbi.nlm.nih.gov/30505622
https://pubmed.ncbi.nlm.nih.gov/26955502
https://pubmed.ncbi.nlm.nih.gov/33305338


CADTH Reference List Digital Pathology Using Primary Case Sign-out� 6

	 19.	Araújo ALD, do Amaral-Silva GK, Pérez-de-Oliveira ME, et al. Fully digital pathology laboratory routine and remote reporting of oral and maxillofacial diagnosis during 
the COVID-19 pandemic: a validation study. Virchows Arch. 2021 Sep;479(3):585-595. PubMed

	 20.	Ramaswamy V, Tejaswini BN, Uthaiah SB. Remote reporting during a pandemic using digital pathology solution: experience from a tertiary care cancer center. J Pathol 
Inform. 2021;12:20. PubMed

	 21.	Rao V, Kumar R, Rajaganesan S, et al. Remote reporting from home for primary diagnosis in surgical pathology: a tertiary oncology center experience during the 
COVID-19 pandemic. J Pathol Inform. 2021;12:3. PubMed

	 22.	Rao V, Subramanian P, Sali AP, Menon S, Desai SB. Validation of whole slide imaging for primary surgical pathology diagnosis of prostate biopsies. Indian J Pathol 
Microbiol. 2021 Jan-Mar;64(1):78-83. PubMed

	 23.	Alassiri A, Almutrafi A, Alsufiani F, et al. Whole slide imaging compared with light microscopy for primary diagnosis in surgical neuropathology: a validation study. Ann 
Saudi Med. 2020 Jan-Feb;40(1):36-41. PubMed

	 24.	Griffin J, Kitsanta P, Perunovic B, Suvarna SK, Bury J. Digital pathology for intraoperative frozen section diagnosis of thoracic specimens: an evaluation of a system 
using remote sampling and whole slide imaging diagnosis. J Clin Pathol. 2020 Aug;73(8):503-506. PubMed

	 25.	Henriksen J, Kolognizak T, Houghton T, et al. Rapid Validation of telepathology by an academic neuropathology practice during the COVID-19 pandemic. Arch Pathol 
Lab Med. 2020 Nov 1;144(11):1311-1320. PubMed

	 26.	Amin S, Mori T, Itoh T. A validation study of whole slide imaging for primary diagnosis of lymphoma. Pathol Int. 2019 Jun;69(6):341-349. PubMed

	 27.	Larghi A, Fornelli A, Lega S, et al. Concordance, intra- and inter-observer agreements between light microscopy and whole slide imaging for samples acquired by EUS 
in pancreatic solid lesions. Dig Liver Dis. 2019 Nov;51(11):1574-1579. PubMed

	 28.	Baidoshvili A, Stathonikos N, Freling G, et al. Validation of a whole-slide image-based teleconsultation network. Histopathology. 2018 Nov;73(5):777-783. PubMed

	 29.	Mills AM, Gradecki SE, Horton BJ, et al. Diagnostic efficiency in digital pathology: a comparison of optical versus digital assessment in 510 surgical pathology cases. 
Am J Surg Pathol. 2018 Jan;42(1):53-59. . PubMed

	 30.	Rakha EA, Aleskandarani M, Toss MS, et al. Breast cancer histologic grading using digital microscopy: concordance and outcome association. J Clin Pathol. 2018 
Aug;71(8):680-686. PubMed

	 31.	Ross J, Greaves J, Earls P, Shulruf B, Van Es SL. Digital vs traditional: Are diagnostic accuracy rates similar for glass slides vs whole slide images in a non-
gynaecological external quality assurance setting? Cytopathology. 2018 Aug;29(4):326-334. PubMed

	 32.	Villa I, Mathieu MC, Bosq J, et al. Daily biopsy diagnosis in surgical pathology: concordance between light microscopy and whole-slide imaging in real-life conditions. 
Am J Clin Pathol. 2018 Mar 7;149(4):344-351. PubMed

	 33.	Kent MN, Olsen TG, Feeser TA, et al. Diagnostic accuracy of virtual pathology vs traditional microscopy in a large dermatopathology study. JAMA Dermatol. 2017 Dec 
1;153(12):1285-1291. PubMed

	 34.	Saco A, Diaz A, Hernandez M, et al. Validation of whole-slide imaging in the primary diagnosis of liver biopsies in a University Hospital. Dig Liver Dis. 2017 
Nov;49(11):1240-1246. PubMed

	 35.	Tabata K, Mori I, Sasaki T, et al. Whole-slide imaging at primary pathological diagnosis: validation of whole-slide imaging-based primary pathological diagnosis at 
twelve Japanese academic institutes. Pathol Int. 2017 Nov;67(11):547-554. PubMed

	 36.	Eccher A, Neil D, Ciangherotti A, et al. Digital reporting of whole-slide images is safe and suitable for assessing organ quality in preimplantation renal biopsies. Hum 
Pathol. 2016 Jan;47(1):115-120. PubMed

	 37.	Shah KK, Lehman JS, Gibson LE, Lohse CM, Comfere NI, Wieland CN. Validation of diagnostic accuracy with whole-slide imaging compared with glass slide review in 
dermatopathology. J Am Acad Dermatol. 2016 Dec;75(6):1229-1237. PubMed

Economic Evaluations
	 38.	Jha S, Ismail N, Clark D, et al. Cost-effectiveness of automated digital microscopy for diagnosis of active tuberculosis. PLoS ONE. 2016;11(6):e0157554. PubMed

https://pubmed.ncbi.nlm.nih.gov/33713188
https://pubmed.ncbi.nlm.nih.gov/34267985
https://pubmed.ncbi.nlm.nih.gov/34012707
https://pubmed.ncbi.nlm.nih.gov/33433413
https://pubmed.ncbi.nlm.nih.gov/32026707
https://pubmed.ncbi.nlm.nih.gov/31806732
https://pubmed.ncbi.nlm.nih.gov/32551815
https://pubmed.ncbi.nlm.nih.gov/31295382
https://pubmed.ncbi.nlm.nih.gov/31147212
https://pubmed.ncbi.nlm.nih.gov/29893996
https://pubmed.ncbi.nlm.nih.gov/28877052
https://pubmed.ncbi.nlm.nih.gov/29535212
https://pubmed.ncbi.nlm.nih.gov/29665117
https://pubmed.ncbi.nlm.nih.gov/29452345
https://pubmed.ncbi.nlm.nih.gov/29049424
https://pubmed.ncbi.nlm.nih.gov/28780052
https://pubmed.ncbi.nlm.nih.gov/28980740
https://pubmed.ncbi.nlm.nih.gov/26547252
https://pubmed.ncbi.nlm.nih.gov/27742174
https://pubmed.ncbi.nlm.nih.gov/27322162


CADTH Reference List Digital Pathology Using Primary Case Sign-out� 7

Appendix 1: References of Potential Interest
Previous CADTH Reports
	 39.	Digital pathology technology for histopathological diagnosis. (CADTH reference list: summary of abstracts). Ottawa (ON): CADTH; 2021: https://​www​.cadth​.ca/​sites/​

default/​files/​pdf/​htis/​2021/​RB1557​%20Digital​%20Pathology​%20Final​.pdf. Accessed 2021 Oct 7.

	 40.	Asynchronous teledermatology consultations using store-and-forward technology: diagnostic accuracy, clinical utility, and cost-effectiveness. (CADTH Rapid response 
report: summary of abstracts) Ottawa (ON): CADTH; 2020: https://​www​.cadth​.ca/​sites/​default/​files/​pdf/​htis/​2020/​RB1523​%20Teledermatology​%20Final​.pdf. 
Accessed 2021 Oct 7.

Review Articles
	 41.	Cimadamore A, Lopez-Beltran A, Scarpelli M, Cheng L, Montironi R. Digital pathology and COVID-19 and future crises: pathologists can safely diagnose cases 

from home using a consumer monitor and a mini PC. J Clin Pathol. 2020;73:695-696. https://​jcp​.bmj​.com/​content/​jclinpath/​73/​11/​695​.full​.pdf. Accessed 2021 
Oct 7. PubMed

	 42.	Parwani AV. Next generation diagnostic pathology: use of digital pathology and artificial intelligence tools to augment a pathological diagnosis. Diagn Pathol. 
2019;14(138). https://​diagnosticpathology​.biomedcentral​.com/​track/​pdf/​10​.1186/​s13000​-019​-0921​-2​.pdf. Accessed 2021 Oct 7. PubMed

https://www.cadth.ca/sites/default/files/pdf/htis/2021/RB1557%20Digital%20Pathology%20Final.pdf
https://www.cadth.ca/sites/default/files/pdf/htis/2021/RB1557%20Digital%20Pathology%20Final.pdf
https://www.cadth.ca/sites/default/files/pdf/htis/2020/RB1523%20Teledermatology%20Final.pdf
https://jcp.bmj.com/content/jclinpath/73/11/695.full.pdf
https://pubmed.ncbi.nlm.nih.gov/32732339
https://diagnosticpathology.biomedcentral.com/track/pdf/10.1186/s13000-019-0921-2.pdf
https://pubmed.ncbi.nlm.nih.gov/31881972

	Key Messages
	Research Questions
	Methods
	Literature Search Methods
	Selection Criteria

	Results
	Appendix 1: References of Potential Interest

