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ABSTRACT

Objectives To determine the extent and disclosure of
financial ties to industry and use of scientific evidence

in comments on a US Food and Drug Administration

(FDA) regulatory framework for modifications to artificial
intelligence/machine learning (Al/ML)-based software as a
medical device (SaMD).

Design Cross-sectional study.

Setting We searched all publicly available comments on
the FDA ‘Proposed Regulatory Framework for Modifications
to Artificial Intelligence/Machine Learning (Al/ML)-Based
Software as a Medical Device (SaMD)—Discussion Paper
and Request for Feedback’ from 2 April 2019 to 8 August
2019.

Main outcome measures The proportion of articles
submitted by parties with financial ties to industry,
disclosing those ties, citing scientific articles, citing
systematic reviews and meta-analyses, and using a
systematic process to identify relevant literature.

Results We analysed 125 comments submitted on the
proposed framework. 79 (63%) comments came from
parties with financial ties; for 36 (29%) comments, it was
not clear and the absence of financial ties could only

be confirmed for 10 (8%) comments. No financial ties
were disclosed in any of the comments that were not
from industry submitters. The vast majority of submitted
comments (86%) did not cite any scientific literature, just
4% cited a systematic review or meta-analysis and no
comments indicated that a systematic process was used
to identify relevant literature.

Conclusions Financial ties to industry were common and
undisclosed, and scientific evidence, including systematic
reviews and meta-analyses, were rarely cited. To ensure
regulatory frameworks best serve patient interests, the
FDA should mandate disclosure of potential conflicts of
interest (including financial ties) in comments, encourage
the use of scientific evidence, and encourage engagement
from non-conflicted parties.

INTRODUCTION

Artificial intelligence and machine learning
(AI/ML) are increasingly prevalent in the
healthcare literature. At least 14 medical
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Strengths and limitations of this study

» We analysed the extent of financial ties to industry
and the use of scientific evidence in comments on
the proposed Food and Drug Administration (FDA)
framework.

» We used a comprehensive strategy to attempt to
identify financial ties to industry.

» There is heterogeneity in the degree of conflict with
respect to the framework that the recorded financial
ties represent; some ties are more likely than others
to result in biased commenting.

» Because the framework could not be classified as
pro-industry or not, we did not classify the direction
of opinions expressed in comments with respect to
the framework and their association with financial
ties.

» We do not know how information submitted to FDA
is used internally in the rule-making process, and,
therefore, how the identified financial ties will im-
pact the regulation.

devices incorporating AI/ML have now been
cleared by the US Food and Drug Adminis-
tration (FDA),? including an autonomous
diagnostic system for diabetic retinopathy
that does not require input from a clini-
cian for interpretation.” Because AI may
learn and adapt to additional data in real
time to improve performance, regulators
have questioned the suitability of traditional
medical device regulatory pathways for Al/
ML containing devices. Changes that might
affect a device’s performance under the
current regulatory framework would require
further review from the FDA, which is time-
consuming and may not suit the iterative
modification that often characterises software
development and deployment. The FDA has
therefore proposed a regulatory framework
for modifications to Al/MIL-based software
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Box1 Summary of Al/ML framework: ‘Proposed
Regulatory Framework for Modifications to Artificial

Intelligence/Machine Learning (Al/ML)-Based Software as
a Medical Device (SaMD)—Discussion Paper and Request
for Feedback™

The FDA released the first discussion paper on 2 April 2019 outlining
a framework for regulating modifications to SaMD that use Al ML. The
comment period closed on 3 June 2019. The proposed framework
describes:

» The extent to which FDA’s traditional framework for assessing mod-
ifications to devices should apply to Al/ML SaMD.

» Modification categories for continuously learning AI/ML SaMD and a
proposed ‘pre-determined change control plan’ in pre-market sub-
missions: when seeking regulatory approval, manufacturers would
also submit a plan for modifications, including model retraining, as
part of the initial pre-market review.

» Expectations for manufacturers to monitor the real-world perfor-
mance of Al/ML systems and periodically report updates to users
and to the FDA on what changes have been implemented.

» The evaluation, monitoring and management of risks from Al/ML
modifications from initial pre-market submission through to post-
market performance.

» Hypothetical examples of modifications and their applicability to the
proposed framework.

as a medical device (SaMD)* (box 1). Because the FDA
is one of the most prominent regulatory agencies,
other agencies may follow FDA regulatory approaches.
It is therefore essential that the framework reflects and
promotes patient interests and safety.

Agencies base decisions on sound reasoning and scien-
tific evidence,” and the process of developing FDA regu-
lations and guidance involves opportunities for the public
to assess and comment on proposed rules before they are
finalised. Comments can be submitted by anyone and
are considered by the FDA in subsequent drafts and final
rulings. However, there is potential for financial conflicts
of interest (COI) among commenters, who could serve
to benefit from particular outcomes such as less strin-
gent regulatory requirements. Therefore, we evaluated
the prevalence and disclosure of financial ties to industry
in comments on the recent proposed AI/ML device
framework. There is a huge academic literature avail-
able related to AI/ML, which could be used to inform
the development of new regulations, and the FDA explic-
itly looks for ‘good science’ in submitted comments.’
We also, therefore, examined the citation of scientific
evidence, including of systematic reviews, to determine
whether there is opportunity to increase and improve its
use in comments.

METHODS

The docket folder for comment submission for the
‘Proposed Regulatory Framework for Modifications to
Artificial Intelligence/Machine Learning (Al/ML)-Based
Software as a Medical Device (SaMD)—Discussion Paper

Table 1 Categories of submitters and explanations

Category Explanation

Academia Included individual academics and academic
groups

Healthcare Included healthcare associations and health
professionals

Industry Included companies, industry associations and
individuals from industry

Individual Category only used when provided in the

consumers submitter information

Mixed Defined as associations comprising at least

associations one industry and non-industry organisation

Federal Category only used when provided in the

government submitter information

Spam Recorded when the comment content was
clearly not related to the content of the FDA
document

Other Recorded when the submitter was not one
of the above categories but was identifiable.
An example was the US Technology Policy
Committee of the Association for Computing
Machinery

Unknown Recorded when no category was listed in the

submitter information, insufficient information
was provided to identify the submitter category
(ie, a name, but no affiliation was provided)
and when the commenter was listed as
‘Anonymous’.

FDA, Food and Drug Administration.

and Request for Feedback’” was accessed 8 August 2019
and meta-data for all comments from 2nd April 2019
(when the discussion paper was published) to 8th August
2019 were exported to Microsoft Excel. Any comments
submitted after this date, which was after the comment
period closed, were not included in analysis. Individual
comments were subsequently accessed via the docket by
following the link in the Excel export. We conducted a
pilot study in which JAS developed a data extraction
protocol by reading and preliminarily analysing all
comments submitted on the proposed framework. Two
reviewers (REA and ZH) then independently extracted
data from all comments according to the extraction
protocol (available on Open Science Framework: https://
osf.io/g423d/). We accessed the data from August to
October 2019 and the comment order was randomised
for each reviewer. JAS consolidated any discrepancies
between the reviewers. Some minor changes were made
to the data extraction procedure during the consolidation
process which are described in the extraction protocol.
JAS extracted and checked any new data as required.

Category

Comment submitters were categorised according to the
categories in table 1. Some submitters provide a ‘Cate-
gory’ in the ‘Submitter Information’ section of the docket
folder. When the category could not be determined by
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the extractor, the category provided in the submitter
information was used, if provided.

Financial ties to industry
We searched for financial ties among comment submit-
ters. A financial tie was defined as a financial link with
industry. Submitters in the industry or mixed association
category were assumed to have an industry tie. For other
submitters, we determined whether there were financial
ties according to the following method:

1. If the comment submitter was an academic (or group
of academics), we searched the name of the academ-
ic(s) plus their institution to find academic pages or
pages mentioning them on industry websites and de-
termined if they were advisors or board members for
industry, or had another obvious link. If this was not
the case, we examined the two most recent publica-
tions (published from July 2017 until October 2019)
that we could identify for each author and checked for
industry affiliations and disclosures of personal fees,
speaking fees, board-membership, employment, grants
or similar from industry or industry associations. If at
least one author of the comment had a financial tie
according to these criteria, we recorded that there was
a financial tie. If, of the two most recent publications,
at least one stated that there was no financial tie or
COI to disclose (or similar wording), and the other did
not disclose a financial tie, we recorded no financial
tie. If only one paper was identifiable, this was deemed
sufficient to identify a conflict or lack thereof (ie, if
only one paper was found and this stated there was no
conflict, we recorded ‘no’).

2. For individual consumers or health professionals that
provided their institution or another means of identify-
ing them, we followed step 1 and additionally searched
the open payments database (https://openpayments-
data.cms.gov/) for their name and looked for contri-
butions from industry of any sort from July 2017 to Oc-
tober 2019. A financial tie was recorded if the submit-
ter had received contributions from industry and we
were able to verify that the individual in the database
was the commenter, for example, by cross-referencing
their institution.

3. For healthcare associations and ‘other’ submitters,
we searched for financial ties according to step 2
among all of the authors listed on the comment and,
if no authors were listed, among board members. If
any authors, or at least half of the board members
had financial ties, the submitter was considered to
have a financial tie. When no financial tie could be
identified for an association, we recorded that there
was none.

4. For submitters in the federal government category, we
assumed that there was no financial tie.

5. When the presence or absence of a financial tie could
not be determined according to these criteria, it was
recorded as unknown.

Disclosure of financial ties

For industry submitters, we assumed that disclosure would
not be required because the potential COl is self-evident,
but that for any other potentially conflicted submitters, a
disclosure would be required for the FDA to be aware of
the financial tie. Therefore, for non-industry submissions
with financial ties, we recorded whether or not ties were
disclosed.

Scientific evidence and systematic searches

As a proxy for the use of scientific evidence in comments,
we recorded whether comments cited scientific articles,
systematic reviews or meta-analyses, and whether any
systematic search was reported to identify any docu-
ments or literature. We identified articles by reading each
comment and examining footnotes, bibliographies or
in-text citations, and considered academic journal arti-
cles or preprints/conference papers (eg, papers on ArXiv
or IEEE) to be scientific articles. To identify citations of
systematic reviews or meta-analyses, we looked at the titles
of any referenced articles for the terms (or similar terms
to) ‘systematic review’ or ‘meta-analysis’ and, where it was
unclear, we reviewed the abstract or if necessary the full
text. We determined whether or not a systematic search
was used to identify documents or literature referenced
or discussed in the comment. A systematic search in this
context refers to a process that would be repeatable by an
independent reader, such as listing the search terms used
to identify literature.

Document length

We recorded the length of each comment to give an indi-
cation of its comprehensiveness. Specifically, we recorded
the length, in pages, of any of the attachments on the
docket page for the comment. If multiple attachments
were provided, we recorded sum of the lengths (unless
attachments were duplicates, eg, one in word and one
as a pdf, in which case we recorded non-duplicates). For
comments that did not provide an attachment, we copied
and pasted the comment into a word document with stan-
dard font size 12 and recorded the length in pages.

Data analysis

Duplicate, near duplicate and spam comments were
excluded from analysis. All other comments were
included. Analysis was descriptive and was conducted in
R V.3.6.1.° The R code and dataset are provided on Open
Science Framework (https://osf.io/g423d/). The anal-
ysis was reproduced in Python independently by ZH.

Patient and public involvement
There was no patient and public involvement in this study.

RESULTS

One hundred and thirty public comments were submitted
in response to the proposed regulatory framework at the
time we downloaded data (8 August 2019), of which five
were duplicates, near-duplicates or spam, leaving 125
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Table 2 Presence of financial interests, citation of scientific evidence and document length

Financial ties to industry % of total (n)

% citing scientific evidence (n)*

Median document length, pages (range)

Yest 63.2 (79) 16.5 (13)
No 8 (10) 10 (1)
Unknown 28.8 (36) 8.3 (3)

4 (1-30)
2.5 (1-13)
1(1-7)

*Including articles in journals or preprints.

TIncludes industry, industry associations, mixed associations and any other submitters for which we were able to identify a financial tie to

industry.

comments for analysis. Combining industry, mixed asso-
ciations (which include representatives of industry) and
other contributors with financial ties revealed that at least
79 (63%) comments came from parties with financial ties
(table 2). For 36 comments (29%), it was not clear, and
the absence of a financial ties could be confirmed in only
10 comments (8%). The length of comments and propor-
tion of comments citing scientific evidence was similar
across submitters regardless of financial interest (table 2).

Table 3 summarises the categories of organisations or
individuals submitting comments. Industry submitted 64
(51%) comments. Of the 61 non-industry comments, we
were able to determine whether or not there were finan-
cial ties to industry in 25 submissions (41%). Of these
25, financial ties for 15 were identified (60%), and there
were none for 10 (40%). No financial ties were disclosed
in any of the non-industry comments.

Of the 125 comments, 108 (86%) did not cite scientific
literature, 15 (12%) cited at least one paper published in
an academic journal and 2 (1.6%) cited article preprints
but not papers in academic journals. Five (4%) comments
cited a systematic review or meta-analysis, and none of the
125 comments reported any systematic method for identi-
fying the literature referenced in the document.

DISCUSSION

Statement of principal findings

Industry and other submitters with financial ties to
industry comprised nearly two-thirds of the comments on
the proposed FDA framework. We found no evidence that

submitters without a financial interest were more likely to
cite scientific evidence or contribute more comprehen-
sive comments. Identifying financial ties was not straight-
forward and required extensive searching. For many
comments, the presence of financial ties was unknown;
it is not possible to identify financial ties for anonymous
commenters, or those that provide a name but no organ-
isation, for example. The absence of financial ties could
be confirmed in very few cases, and disclosure of ties was
non-existent. Scientific literature was rarely cited across all
submissions, just five comments cited systematic reviews
and meta-analyses, and no comments reported a system-
atic process for identifying the literature. There were far
fewer academic submissions than those from industry.

Strengths and limitations

In terms of strengths, this study is the first, that we
know of, to examine financial ties among commenters
on a proposed FDA regulatory framework, and adds to
the growing literature documenting the prevalence of
industry interests in public comment processes.9 We used
a thorough method for identification of financial ties
which has identified more potentially conflicted parties
than would be apparent from the self-identification of the
commenters. We also examined the citation of scientific
evidence, adding to literature documenting lack of scien-
tific evidence in public comments in other contexts.'’
The raw data from this study are available publicly, so that
readers can view specific financial ties, evidence cited or
reanalyse the data if desired. Finally, the AI/ML regu-
latory framework is still under development, and these

Table 3 Category of organisation or individual submitting comment, citation of scientific evidence and document length

Category* % of total (n) % citing scientific evidence (n)t Median document length, pages (range)
Industry 51.2 (64) 12.5 (8) 4 (1-30)

Academia 17.6 (22) 9.1 (2 1(1-13)

Healthcare 9.6 (12) 16.7 (2) 2.5 (1-8)

Unknown 7.2(9) 0(0) 1 (1-6)

Other 5.6 (7) 57.1 (4) 2 (1-5)

Mixed association 4 (5) 20 (1) 5 (4-8)

Individual consumer 3.2 (4) 0(0) 1(1)

Federal government 1.6 (2 0(0) 1.5(1-2)

*See table 1 for explanations of categories.

TPercentage of that ‘Category’ citing scientific evidence, including articles in journals or preprints.
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findings may motivate better disclosure and use of scien-
tific evidence as it continues to be developed.

In terms of limitations, the prevalence of financial ties
in our study (63%) is likely to be an underestimate. For
29% (36) of commenters, we were unable to confirm the
presence or absence of financial ties because insufficient
information was provided to identify their presence or
absence according to our search strategy. Therefore, 63%
should be interpreted as an estimate of the minimum
prevalence of industry ties. In addition, there is heteroge-
neity in the degree of conflict with respect to the frame-
work that the recorded financial ties may represent; some
ties will be more likely than others to result in biased
commenting.

Relatedly, we did not classify the direction of opinions
expressed in comments with respect to the framework
and their association with financial ties, in contrast to
other work in similar areas.' '* Because of the early stage
and diversity of topics proposed in the regulatory frame-
work, it is not clear that supporting the framework would
be putting financial considerations ahead of patient
considerations, or vice versa. We are, therefore, only able
to make any inferences regarding the prevalence of finan-
cial ties, and not their impact on the opinions expressed
in comments with regards to considerations of health
versus financial interests. This is an important limitation
because we cannot assume that financial ties will lead to
biased commenting or will necessarily represent COI. In
some cases, industry ties or COI do not introduce bias
and may be aligned with patient interest'> '*; however,
in others, there is ample evidence that they do lead to
biag, 11 1215-17

We have access only to the information externally
submitted to FDA by the public, and undoubtedly further
evidence is considered internally. We also do not know
how the information gathered from public consulta-
tions is used internally and how it will impact the future
regulatory framework. Agencies do not make decisions
simply based on a majority of votes,”? so prevalence of
financial ties and lack of use of scientific evidence does
not necessarily mean that decision making internally is
biased. However, the purpose of public consultations is
to gather information from the public to inform regula-
tion. It is important that such information is high quality,
reasoned, objective and transparent, where possible.

Implications and recommendations

We recommend that the FDA request a statement of
interests in comments, which would help to further deter-
mine the extent of COI in future public consultations.
They could also reject anonymous comments unless there
is a clear reason that anonymity would improve comment
quality. Currently, the regulations.gov “Tips for submitting
effective comments’ document does not mention disclo-
sure of COI or financial ties,5 nor does the FDA’s infor-
mation page on submitting comments.’ In the absence of
this requirement, submitters should proactively disclose
any COIL COI may influence drug approvals,”” policy

making'' '? and reporting of results in research,'®'” and

may therefore also be influential in the present context.
Although disclosure will not necessarily change the inter-
pretation of information, it is an important first step in
improving transparency.

We encourage greater participation by non-conflicted
parties and academics in the development of this frame-
work in the future. Participation should come both from
experts in the technology, as well as from the broader
medical community that will use and evaluate it. FDA
could proactively engage with, for example, journals with
expertise in the relevant areas to notify readers when
relevant legislation is drafted. However, the responsibility
should not lie solely with FDA, but participation in the
commenting process can also be driven and rewarded by
academic departments or groups with relevant expertise.
Continued input from associations and the greater use
of scientific evidence, in particular that from systematic
reviews, by all commenters, could be valuable. At present,
there are few relevant systematic reviews for this purpose
(though exceptions include Nagendran et al'®), and
further work in this area would be useful.

In other areas of medical device regulation, there
is literature available evaluating or critiquing regula-
tory frameworks.'”" However, once regulations have
been developed, it is a laborious process for them to be
changed. AI/ML regulation is in an early stage where
scientific knowledge could be used prospectively to help
to define an appropriate framework and reduce the
probability of issues occurring in the future. The regu-
lations.gov guidance on commenting states: ‘Although
public support or opposition may help guide important
public policies, agencies make determinations for a
proposed action based on sound reasoning and scien-
tific evidence rather than a majority of votes. A single,
well-supported comment may carry more weight than
a thousand form letters.”” If high quality comments are
provided in future developments of the proposed rules,
supported by sound scientific evidence, they may well
be weighted more highly in decision making than other
comments and directly impact the framework under
development.

CONCLUSION

We found that the prevalence of financial ties to industry
in commenters was high. For nearly 30% of comments,
we were unable to determine whether or not there was
a financial tie, and disclosure of ties was non-existent.
The proportion of academic submitters was relatively low,
and the use of scientific evidence to support comments
was sparse. We recommend that the FDA requires disclo-
sure of potential COI, and encourages greater academic
participation and use of scientific evidence in public
comments. The generalisability of this work has not been
determined, and future work could extend the investiga-
tion to other policy areas or jurisdictions.
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