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1 Background 

The need to improve efficiency in the conduct of clinical trials is a priority. An adaptive 

design provides pre-planned opportunities to change aspects of an ongoing trial using 

accruing trial data during the course of that trial without undermining the validity and 

integrity of the trial results. Adaptive designs can improve efficiency to address research 

questions robustly, as quickly as possible to benefit patients, and use no more research 

resources than necessary. 

 

Adaptive designs are gradually being used in practice or at least considered at the design 

stage and regulators are gaining more related experience 1–9. Despite this, obstacles persist 

which hamper their appropriate use. These obstacles include differential lack of practical 

knowledge and concerns about the credibility of results from some adaptive designs 10,11. 

Some of these obstacles can be addressed through adequate reporting 10,12 and literature exists 

which highlights the implications of inadequate reporting of health research 13,14. Currently, 

there are deficiencies in the reporting of adaptive design clinical trials 15,16. The available case 

studies of adaptive designs are mostly inadequately reported and hence not very useful as a 

practical learning resource and to address concerns relating to their use 1,17.  

 

The need for additional reporting considerations for adaptive designs has been highlighted 
15,18–20. However, there is no existing CONSORT Statement extension specific to the 

reporting of adaptive designs 12. This project developed an Adaptive design CONSORT 

Extension (ACE) reporting guideline for randomised trials that use adaptive designs 

implementing a recommended Delphi consensus-driven process 21. We used this grounded 

methodological approach to develop a comprehensive reporting guideline that is likely to be 

accepted to influence practice. 

 

2 Methods 

The protocol that guided the conduct of this study is registered on the EQUATOR Network 

database 12. Study ethical approval was granted by the Research Ethics Committee of the 

School of Health and Related Research at the University of Sheffield (ref: 012041). The 

CONSORT Executive Group oversaw the entire development process through its 
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representative on the ACE Steering Committee. We developed the ACE reporting guideline 

in seven overlapping stages. 

 

2.1 Stage 1: Rationale 

We built on the findings from an NIHR Doctoral Research Fellowship (DRF-2012-05-182) 

that investigated why adaptive designs are not often used in publicly funded trials 15. This 

research and others investigated obstacles and potential facilitators to the use of adaptive 

design trials 5,10,11,22–26 as well as deficiencies in their reporting 1,6,15,19. The need for a 

reporting guideline specific to adaptive designs with some suggested reporting considerations 

has been highlighted 10,11,15,19,20,27.  

 

2.2 Stage 2: Scoping review 

We undertook a scoping narrative review to collate any concerns about adaptive design trials 

or considerations that may influence their reporting, to identify any suggestions on how 

adaptive design trials should be reported and to establish definitions of an adaptive design 

and related technical terms. The goal was to inform the preliminary drafting of reporting 

items, working definitions for the extension checklist and to create a list of authors who had 

published adaptive design trials or methodology research as potential participants for the 

Delphi surveys. We searched the MEDLINE database via PubMed on 17 November 2016 for 

any articles about adaptive design randomised trials. We retrieved 237 articles, of which 186 

eligible publications were reviewed. We also reviewed additional key documents that we 

were aware of but that were not retrieved by the search strategy, such as regulatory reflection 

guidance 28–30. 

 

2.3 Stage 3: Drafting of the checklist 

The Steering Committee met to discuss the preliminary extension checklist drafted in stage 1, 

focusing on what changes needed to be made and their structure with justification. A report 

summarising the discussions is accessible online (see 

https://doi.org/10.15131/shef.data.6139631). Following this meeting, the checklist was 

redrafted and refined during an iterative process through subsequent face-to-face and 

teleconference meetings and email correspondence involving the Steering Committee. The 

External Expert Panel reviewed the draft checklist and working definitions of technical terms 

for quality control. Emphasis was given to what were the pre-defined potential adaptations, 
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actually conducted adaptations, interim information utilized to perform adaptations and 

statistical methods implemented to address potential biases due to adaptations. 

 

2.4 Stage 4: Delphi surveys  

We undertook an online two-round Delphi process involving international, multidisciplinary, 

and cross-sector key stakeholders. We targeted those with adaptive designs related experience 

including clinical trialists, clinical investigators, statisticians, trial methodologists, and health 

economists; those interested in using adaptive designs; consumers of research findings, 

decision makers, and policy-makers in clinical trials research including journal editors, 

systematic reviewers, research funders, regulators, research ethicists and patient 

representative groups. 

 

We asked participants to rate the importance of the proposed items and to provide related 

feedback. We used an importance rating scale of 0 to 9 consistent with related Delphi surveys 
31–33: ‘not important’ (score 1 to 3), ‘important but not critical’ (score 4 to 6), ‘critically 

important’ (score 7 to 9), and ‘don’t know’ (unsure). We indicated whether items were new 

(N), modified (M), or remained unchanged (U) from the CONSORT 2010 checklist 34. 

 

We summarised the distribution of characteristics and demographics of registered participants 

and responders for each Delphi round. Item rating scores were descriptively analysed. We 

explored whether the ratings of participants differed by specific characteristics of interest 

using clustered boxplots stratified by:  

 Self-selected key stakeholder group (clinical trial user, clinical trialist, or 

methodologist);  

 Current employment sector (public sector or industry);  

 Self-reported regulatory assessment experience (yes or no); and  

 Primary role in clinical trials research as a statistician (yes or no).  

We summarised the number and proportion of participants who rated an item as ‘not 

important’, ‘important but not critical’, and ‘critically important’, including the ‘don’t know’ 

category. We analysed qualitative feedback gathered during the Delphi surveys using a 

simple thematic analysis 35 to identify common comments and elucidate feedback on 
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suggested items (new or modified) as well as gather additional content suggestions for the 

checklist. 

 

We prespecified consensus as receiving the support of at least 70% of responders rating an 

item as ‘critically important’ for inclusion in the Round 2 Delphi survey 12,36. 

 

2.5 Stage 5: Consensus meeting 

We held a full day consensus meeting attended by 27 delegates from the UK, USA, Europe, 

and Asia to advise which reporting items to retain through voting, and to discuss the structure 

of what to include in the supporting explanation and elaboration (E&E) document. Delegates 

from the public sector and industry included clinical investigators, trial statisticians, journal 

editors, systematic reviewers, funding panel members, methodologists, and the CONSORT 

Executive Group representative. The meeting was independently chaired by Professor 

Deborah Ashby. We took notes during the meeting and audio-recorded and transcribed the 

discussions to ensure that the content was accurately captured. Following the discussion of 

each checklist item or group of checklist items, we asked delegates to anonymously vote 

about the inclusion of a specific item; ‘keep’, ‘drop’, or ‘unsure or no opinion’.  

 

Prior to the consensus meeting, we specified that the decision to retain an item should be 

based on achieving at least 50% support of delegates voting to ‘keep’ an item 12. The Steering 

Committee used these criteria, in conjunction with the qualitative feedback gathered, to make 

the final decisions about reporting items to be included in the ACE guideline. 

 

2.6 Stage 6: Refining and finalising the checklist 

The Study Management Group met to discuss advisory decisions and suggestions made at the 

consensus meeting. The group discussed each item reflecting on the consensus report and 

agreed on the items to retain and the guideline structural changes required. The advisory 

decisions and suggestions from the consensus meeting were taken on board in consultation 

with the Steering Committee. The Steering Committee refined the checklist to address 

rewording and structural changes. The ACE Consensus Group and the Steering Committee 

signed off the finalised checklist on 30th April 2018. 
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2.7 Stage 7: Writing-up and dissemination of the E&E document.  

This work was orally presented at three international conferences; Society for Clinical Trials 

(SCT) 39th Annual Meeting, Portland, Oregon on May 20 – 23, 2018; Central European 

Network – International Society for Biopharmaceutical Statistics (CEN-ISBS), Vienna, Austria 

on August 28 – September 1, 2017; and Evidence Live, Oxford, United Kingdom on June 18 

– 20, 2017. A poster was also presented at the Global Forum on Bioethics in Research (GFBR) 

meeting on “the ethics of alternative clinical trial designs and methods in low- and middle- 

income country research”, Bangkok, Thailand on November 28 – 29, 2017. 

 

The forthcoming research outputs to be published in open access leading journals will 

describe: 

 The development process to reach the reporting guidance for transparency and to help 

other groups developing similar CONSORT extensions, 

 The scope of the guideline, the definition of an adaptive design, some types of 

adaptive designs and trial adaptations, and an explanation of each checklist reporting 

item in detail including case studies in the E&E document. 

We will organise a dissemination workshop following the publication of these research 

outputs. The research outputs will also be publicly accessible via the project webpage 

https://www.sheffield.ac.uk/scharr/sections/dts/ctru/aceproject .  

3 Results 

The report for our first full-day Steering Committee meeting held in Sheffield is accessible 

online (see https://doi.org/10.15131/shef.data.6139631). The draft checklists used in Round 1 

and 2 Delphi surveys are accessible online, see https://doi.org/10.15131/shef.data.6198290 

and https://doi.org/10.15131/shef.data.6198347.v1, respectively. 

 
Delphi surveys response rates were 94/143 (66%), 114/156 (73%), and 79/143 (55%) in 

Rounds 1, 2 and across both rounds, respectively. Responders were based in 19 and 21 

countries in Rounds 1 and 2, respectively. The characteristics and demographics of registered 

participants and responders were very similar, see 

https://doi.org/10.15131/shef.data.6302876. Summaries of ratings of the proposed reporting 

items in Rounds 1 and 2 are accessible online, see 
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https://doi.org/10.15131/shef.data.6302876. The item ratings of responders were broadly 

consistent regardless of their primary role, self-identified stakeholder group, regulatory 

experience, and employment sector; see https://doi.org/10.15131/shef.data.6120572. We used 

the qualitative feedback gathered in Delphi rounds to inform the development process. 

Summary of this feedback is accessible online, see 

https://doi.org/10.15131/shef.data.6139631.  

 

Twenty-seven delegates from Europe, the USA and Asia attended the consensus meeting in 

London. The report of the ACE Consensus Group discussions and advisory decisions made 

via voting with suggestions on related issues to address is available online, see 

https://doi.org/10.15131/shef.data.6306197.   

 

The forthcoming main ACE checklist has seven new and nine modified items, and seven 

unchanged items with expanded E&E text to clarify further considerations for adaptive 

designs. In addition, the abstract checklist has one new and one modified item as well as an 

unchanged item with expanded E&E text. Our work on the ACE checklist revealed some 

more general reporting aspects of the overarching CONSORT 2010 Statement that should 

also be revised in the future due to transparency initiatives and the up-coming ICH E9 

addendum on estimands. These general recommendations (not specific to the ACE) were 

reported back to the CONSORT Executive Group.    

4 Conclusions 

We have developed a CONSORT extension for all randomised trials that use an adaptive 

design regardless of the statistical paradigm (frequentist, Bayesian, or both) used in the 

design and analysis. The guideline aims to promote transparency and adequate reporting of 

adaptive design randomised trials and not to stifle design innovation or application. Thus the 

ACE checklist provides only the minimum requirements that we encourage researchers to 

report. It is good scientific practice to present additional information beyond this guideline if 

it helps with the interpretation of the trial results. 

5 Acknowledgements 

We are grateful for the overwhelming support we received throughout the project. Sarah 

Gonzalez for the administrative support throughout the project and additional coordination. 

Sheffield Clinical Trials Research Unit for the support, particularly Mike Bradburn and 



8 
 

Cindy Cooper for providing protected time to ensure progress of this project. Benjamin Allin 

and Anja Hollowell for the Delphi surveys technical and administrative support. Peter Bauer 

and Martin Posch for their helpful review feedback of the draft checklist. 

 

Participants who took part in time-consuming Delphi surveys. We acknowledge their immense 

contribution to the guideline development process. The External Expert Panel for the quality 

control assurance during the drafting of the checklist; William Meurer, Yannis Jemiai, 

Stephane Heritier, and Christina Yap. 

 

The ACE Consensus Group: Munyaradzi Dimairo, Toshimitsu Hamasaki, Susan Todd, 

Christopher J Weir, Adrian P. Mander, James Wason, Franz Koenig, Steven A. Julious, Daniel 

Hind, Jon Nicholl, Douglas G Altman, William J. Meurer, Christopher Cates, Matthew Sydes, 

Yannis Jemiai, Deborah Ashby (Chair, non-voting member), Christina Yap, Frank Waldron-

Lynch, James Roger, Joan Marsh, Trish Groves, Olivier Collignon, David J. Lawrence, Catey 

Bunce, Tom Parke, Gus Gazzard, Elizabeth Coates  (non-voting member), and Marc K Walton 

 

6 Disclaimer  

This report summarises independent research jointly funded by the NIHR CTU Support 

Funding programme and the MRC Hubs for Trial Methodology Research. The views expressed 

are those of the authors and not necessarily those of the National Health Service, the NIHR, 

the MRC or the Department of Health. 

 

This work reflects the views of the authors and should not be construed to represent FDA’s 

views or policies 

 

The funders had no role in the design of the study and collection, analysis, and interpretation 

of data and in writing this report. 

 

7 References 

1.  Hatfield I, Allison A, Flight L, Julious SA, Dimairo M. Adaptive designs undertaken in 

clinical research: a review of registered clinical trials. Trials. 2016;17(1):150. 

doi:10.1186/s13063-016-1273-9. 



9 
 

2.  Sato A, Shimura M, Gosho M. Practical characteristics of adaptive design in phase 2 

and 3 clinical trials. J Clin Pharm Ther. 2017;(May):1-11. doi:10.1111/jcpt.12617. 

3.  Lin M, Lee S, Zhen B, et al. CBER’s Experience With Adaptive Design Clinical Trials. 

Ther Innov Regul Sci. 2015;50(2):195-203. doi:10.1177/2168479015604181. 

4.  Yang X, Thompson L, Chu J, et al. Adaptive Design Practice at the Center for Devices 

and Radiological Health (CDRH), January 2007 to May 2013. Ther Innov Regul Sci. 

2016;50(6):710-717. doi:10.1177/2168479016656027. 

5.  Morgan CC, Huyck S, Jenkins M, et al. Adaptive Design: Results of 2012 Survey on 

Perception and Use. Ther Innov Regul Sci. 2014;48(4):473-481. 

doi:10.1177/2168479014522468. 

6.  Bauer P, Einfalt J. Application of Adaptive Designs – a Review. Biometrical J. 

2006;48(4):493-506. doi:10.1002/bimj.200510204. 

7.  Curtin F, Heritier S. The role of adaptive trial designs in drug development. Expert Rev 

Clin Pharmacol. 2017;10(7):727-736. doi:10.1080/17512433.2017.1321985. 

8.  Elsäßer A, Regnstrom J, Vetter T, et al. Adaptive clinical trial designs for European 

marketing authorization: a survey of scientific advice letters from the European 

Medicines Agency. Trials. 2014;15(1):383. doi:10.1186/1745-6215-15-383. 

9.  Bauer P, Bretz F, Dragalin V, König F, Wassmer G. Twenty-five years of confirmatory 

adaptive designs: opportunities and pitfalls. Stat Med. 2016;35(3):325-347. 

doi:10.1002/sim.6472. 

10.  Dimairo M, Julious SA, Todd S, Nicholl JP, Boote J. Cross-sector surveys assessing 

perceptions of key stakeholders towards barriers, concerns and facilitators to the 

appropriate use of adaptive designs in confirmatory trials. Trials. 2015;16(1):585. 

doi:10.1186/s13063-015-1119-x. 

11.  Dimairo M, Boote J, Julious SA, Nicholl JP, Todd S. Missing steps in a staircase: a 

qualitative study of the perspectives of key stakeholders on the use of adaptive designs 

in confirmatory trials. Trials. 2015;16(1):430. doi:10.1186/s13063-015-0958-9. 

12.  Dimairo M, Todd S, Julious S, et al. ACE Project Protocol Version 2.3: Development 

of a CONSORT Extension for adaptive clinical trials. The EQUATOR Network. 

http://www.equator-network.org/wp-content/uploads/2017/12/ACE-Project-Protocol-

v2.3.pdf. Published 2016. Accessed January 25, 2018. 

13.  Glasziou P, Altman DG, Bossuyt P, et al. Reducing waste from incomplete or unusable 

reports of biomedical research. Lancet. 2014;383(9913):267-276. doi:10.1016/S0140-

6736(13)62228-X. 



10 
 

14.  Altman DG, Moher D. General Issues Importance of Transparent Reporting of Health 

Research. In: Guidelines for Reporting Health Research: A User’s Manual. John Wiley 

& Sons, Ltd.; 2014:3-13. 

15.  Dimairo M. The Utility of Adaptive Designs in Publicly Funded Confirmatory Trials. 

2016. http://etheses.whiterose.ac.uk/13981/1/Dimairo PhD Thesis 2016 WhiteRose 

Submission.pdf. 

16.  Pallmann P, Bedding AW, Choodari-Oskooei B, et al. Adaptive designs in clinical trials: 

why use them, and how to run and report them. BMC Med. 2018;16(1):29. 

doi:10.1186/s12916-018-1017-7. 

17.  Stevely A, Dimairo M, Todd S, et al. An Investigation of the Shortcomings of the 

CONSORT 2010 Statement for the Reporting of Group Sequential Randomised 

Controlled Trials: A Methodological Systematic Review. Shamji M, ed. PLoS One. 

2015;10(11):e0141104. doi:10.1371/journal.pone.0141104. 

18.  Detry M, Lewis R, Broglio K, Connor J. Standards for the Design, Conduct, and 

Evaluation of Adaptive Randomized Clinical Trials.; 2012. 

http://www.pcori.org/assets/Standards-for-the-Design-Conduct-and-Evaluation-of-

Adaptive-Randomized-Clinical-Trials.pdf. Accessed November 24, 2014. 

19.  Stevely A, Dimairo M, Todd S, et al. An Investigation of the Shortcomings of the 

CONSORT 2010 Statement for the Reporting of Group Sequential Randomised 

Controlled Trials: A Methodological Systematic Review. PLoS One. 

2015;10(11):e0141104. doi:10.1371/journal.pone.0141104. 

20.  Mistry P, Dunn JA, Marshall A. A literature review of applied adaptive design 

methodology within the field of oncology in randomised controlled trials and a proposed 

extension to the CONSORT guidelines. BMC Med Res Methodol. 2017;17(1):108. 

doi:10.1186/s12874-017-0393-6. 

21.  Moher D, Schulz KF, Simera I, Altman DG. Guidance for developers of health research 

reporting guidelines. PLoS Med. 2010;7(2):e1000217. 

doi:10.1371/journal.pmed.1000217. 

22.  Jaki T. Uptake of novel statistical methods for early-phase clinical studies in the UK 

public sector. Clin Trials. 2013;10(2):344-346. doi:10.1177/1740774512474375. 

23.  Quinlan J, Gaydos B, Maca J, Krams M. Barriers and opportunities for implementation 

of adaptive designs in pharmaceutical product development. Clin Trials. 2010;7(2):167-

173. doi:10.1177/1740774510361542. 

24.  Kairalla J a, Coffey CS, Thomann M a, Muller KE. Adaptive trial designs: a review of 



11 
 

barriers and opportunities. Trials. 2012;13(1):145. doi:10.1186/1745-6215-13-145. 

25.  Coffey CS, Levin B, Clark C, et al. Overview, hurdles, and future work in adaptive 

designs: perspectives from a National Institutes of Health-funded workshop. Clin Trials. 

2012;9(6):671-680. doi:10.1177/1740774512461859. 

26.  Love SB, Brown S, Weir CJ, et al. Embracing model-based designs for dose-finding 

trials. Br J Cancer. 2017;117(3):332-339. doi:10.1038/bjc.2017.186. 

27.  Detry M a., Lewis RJ, Broglio KR, Connor JT, Berry SM, Berry D a. Standards for the 

Design, Conduct, and Evaluation of Adaptive Randomized Clinical Trials. Patient-

Centered Outcomes Res Inst. 2012:1-57. http://www.pcori.org/assets/Standards-for-the-

Design-Conduct-and-Evaluation-of-Adaptive-Randomized-Clinical-Trials.pdf. 

28.  CHMP. Reflection Paper on Methodological Issues in Confirmatory Clinical Trials 

Planned with an Adaptive Design.; 2007. 

http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2009/0

9/WC500003616.pdf. Accessed December 2, 2014. 

29.  FDA. Guidance for Industry: Adaptive Design Clinical Trials for Drugs and Biologics.; 

2010. http://www.fda.gov/downloads/Drugs/.../Guidances/ucm201790.pdf. Accessed 

December 2, 2014. 

30.  FDA. Adaptive Designs for Medical Device Clinical Studies: Draft Guidance for 

Industry and Food and Drug Administration Staff.; 2015. 

http://www.fda.gov/ucm/groups/fdagov-public/@fdagov-meddev-

gen/documents/document/ucm446729.pdf. Accessed May 18, 2015. 

31.  Eldridge SM, Chan CL, Campbell MJ, et al. CONSORT 2010 statement: extension to 

randomised pilot and feasibility trials. Pilot Feasibility Stud. 2016;2(1):64. 

doi:10.1186/s40814-016-0105-8. 

32.  Kirkham JJ, Gorst S, Altman DG, et al. COS-STAR: a reporting guideline for studies 

developing core outcome sets (protocol). Trials. 2015;16(1):373. doi:10.1186/s13063-

015-0913-9. 

33.  Gamble C, Krishan A, Stocken D, et al. Guidelines for the Content of Statistical Analysis 

Plans in Clinical Trials. JAMA. 2017;318(23):2337. doi:10.1001/jama.2017.18556. 

34.  Moher D, Hopewell S, Schulz KF, et al. CONSORT 2010 explanation and elaboration: 

updated guidelines for reporting parallel group randomised trials. BMJ. 

2010;340(mar23_1):c869. doi:10.1136/bmj.c869. 

35.  Braun V, Clarke V. Using thematic analysis in psychology. Qual Res Psychol. 

2006;3(2):77-101. doi:10.1191/1478088706qp063oa. 



12 
 

36.  Diamond IR, Grant RC, Feldman BM, et al. Defining consensus: A systematic review 

recommends methodologic criteria for reporting of Delphi studies. J Clin Epidemiol. 

2014;67(4):401-409. doi:10.1016/j.jclinepi.2013.12.002. 

 




Accessibility Report


		Filename: 

		Sheffield CTRU 2016 ES Ext_FinalReport.pdf




		Report created by: 

		

		Organization: 

		




[Enter personal and organization information through the Preferences > Identity dialog.]


Summary


The checker found problems which may prevent the document from being fully accessible.


		Needs manual check: 2

		Passed manually: 0

		Failed manually: 0

		Skipped: 1

		Passed: 12

		Failed: 17




Detailed Report


		Document



		Rule Name		Status		Description

		Accessibility permission flag		Passed		Accessibility permission flag must be set

		Image-only PDF		Passed		Document is not image-only PDF

		Tagged PDF		Failed		Document is tagged PDF

		Logical Reading Order		Needs manual check		Document structure provides a logical reading order

		Primary language		Failed		Text language is specified

		Title		Failed		Document title is showing in title bar

		Bookmarks		Passed		Bookmarks are present in large documents

		Color contrast		Needs manual check		Document has appropriate color contrast

		Page Content



		Rule Name		Status		Description

		Tagged content		Failed		All page content is tagged

		Tagged annotations		Passed		All annotations are tagged

		Tab order		Failed		Tab order is consistent with structure order

		Character encoding		Passed		Reliable character encoding is provided

		Tagged multimedia		Passed		All multimedia objects are tagged

		Screen flicker		Passed		Page will not cause screen flicker

		Scripts		Passed		No inaccessible scripts

		Timed responses		Passed		Page does not require timed responses

		Navigation links		Passed		Navigation links are not repetitive

		Forms



		Rule Name		Status		Description

		Tagged form fields		Passed		All form fields are tagged

		Field descriptions		Passed		All form fields have description

		Alternate Text



		Rule Name		Status		Description

		Figures alternate text		Failed		Figures require alternate text

		Nested alternate text		Failed		Alternate text that will never be read

		Associated with content		Failed		Alternate text must be associated with some content

		Hides annotation		Failed		Alternate text should not hide annotation

		Other elements alternate text		Failed		Other elements that require alternate text

		Tables



		Rule Name		Status		Description

		Rows		Failed		TR must be a child of Table, THead, TBody, or TFoot

		TH and TD		Failed		TH and TD must be children of TR

		Headers		Failed		Tables should have headers

		Regularity		Failed		Tables must contain the same number of columns in each row and rows in each column

		Summary		Skipped		Tables must have a summary

		Lists



		Rule Name		Status		Description

		List items		Failed		LI must be a child of L

		Lbl and LBody		Failed		Lbl and LBody must be children of LI

		Headings



		Rule Name		Status		Description

		Appropriate nesting		Failed		Appropriate nesting






Back to Top
