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Objectives: Review the following…

• Past regulatory guidance for digital algorithms applied to medicine in the United States

• Current federal law that may apply to CDS algorithms as of May 2019

• OVA-1

• FDA Pilot Pre-Certification Program

• Diagnostic Accuracy and Innovation Act (DAIA)



DISCLOSURES

In the past 12 months, I have not had any significant financial interest or other 
relationship with the manufacturers of the products or providers of the services 
that will be discussed in my presentation. 

I am employed by NorthShore University Health System (Evanston, IL), which 
develops and uses clinical decision support tools. 

Any opinions expressed in this presentation are my own and do not necessarily 
reflect the policies of my employer.

I am not a lawyer. Nothing in this presentation should be construed as legal 
advice. 



“sitting in a nondescript office in McNamara's Pentagon, a quiet...civilian is already 

planning the revolution that will change forever the way computers are perceived. 

Somehow, the occupant of that office...has seen a future in which computers will 

empower individuals, instead of forcing them into rigid conformity. He is almost alone 

in his conviction that computers can become not just super-fast calculating machines, 

but joyful machines: tools that will serve as new media of expression, inspirations to 

creativity, and gateways to a vast world of online information."

Waldrop, M. Mitchell (2001). The Dream Machine: J. C. R. 

Licklider and the Revolution That Made Computing 

Personal. New York: Viking Penguin. p. 470.

https://en.wikipedia.org/wiki/Robert_McNamara
https://en.wikipedia.org/wiki/The_Pentagon


“Man-Computer Symbiosis.” 1960

“It seems reasonable to envision … a 'thinking center" that will incorporate 

… libraries together with anticipated advances in information storage and 

retrieval 

The picture readily enlarges itself into a network of such centers, connected 

to one another by wide-band communication lines and to individual users 

by leased-wire services…

the cost of the gigantic memories and the sophisticated programs would 

be divided by the number of users. “

JCR Licklider. “Man-Computer Symbiosis.” IRE Transactions on Human Factors in Electronics. Jan 1960



“Man-Computer Symbiosis.” 1960

“The main aims are 

1) to let computers facilitate formulative thinking as they now 

facilitate the solution of formulated problems, and 

2) to enable men and computers to cooperate in making 

decisions and controlling complex situations without inflexible 

dependence on predetermined programs.”

JCR Licklider. “Man-Computer Symbiosis.” IRE Transactions on Human Factors in Electronics. Jan 1960



“Lick” Identified the Need to Develop More Useful 

Data Structures and Programming Languages…

1966-1967: Mass General Hospital Utility Multi-Programming System



1960 to 2007

In many ways, Lick’s visions were realized

Human-computer symbiosis expanded in medicine

But from a regulatory point of view…

– Humans are Licensed

– How are the computers / algorithms regulated?



What is a ‘regulated medical device’?

"The term 'device' . . . means an instrument, apparatus, implement, 

machine, contrivance, implant, in vitro reagent, or other similar or related 

article, including any component, part, or accessory, which is . . . (2) 

intended for use in the diagnosis of disease or other conditions, or in the 

cure, mitigation, treatment, or prevention of disease, in man or other 

animals . . . ." 

Section 201(h) Food, Drug and Cosmetic Act

FDA.  Draft Guidance: In Vitro Diagnostic Multivariate Index Assays. Issued July 26, 2007.



Is the computer side of the human-computer 

symbiosis a medical device?



2007 FDA Draft Guidance on

In Vitro Diagnostic Multivariate Index Assays (IVDMAs) 

1) Combines the values of multiple variables using an interpretation function to yield 

a single, patient-specific result (e.g., a “classification,” “score,” “index,” etc.), that is 

intended for use in the diagnosis of disease or other conditions, or in the cure, 

mitigation, treatment or prevention of disease, and

2) Provides a result whose derivation is non-transparent and cannot be 

independently derived or verified by the end user

FDA.  Draft Guidance: In Vitro Diagnostic Multivariate Index Assays. Issued July 26, 2007.



Is an IVDMA a regulated medical device?

“An IVDMIA is a device within the meaning of the Act. “

“Some IVDMIAs are laboratory-developed tests (LDTs).”

FDA.  Draft Guidance: In Vitro Diagnostic Multivariate Index Assays. Issued July 26, 2007.



Is a LDT a regulated medical device?

"clinical laboratories that develop [in-house] tests are acting as 

manufacturers of medical devices and are subject to FDA 

jurisdiction under the Act," 62 FR 62249

However, the FDA has “generally exercised enforcement 

discretion over standard LDTs”

FDA.  Draft Guidance: In Vitro Diagnostic Multivariate Index Assays. Issued July 26, 2007.



What is a “standard” LDT?

• Developed in a single laboratory

• Used in a single laboratory

• LDTs that use primarily analyte specific reagents, general purpose 

reagents (21 CFR 864.4010), general purpose laboratory 

equipment (21 CFR 862.2050), other laboratory instrumentation 

(21 CFR Part 864, subpart D), and controls (21 CFR 862.1660)

FDA.  Draft Guidance: In Vitro Diagnostic Multivariate Index Assays. Issued July 26, 2007.



Could any IVDMIA be developed as an LDT?

IVDMIAs include elements, as described in the section on 

"Definition and Regulatory Status of IVDMIAs" of this guidance, 

that are not among these primary ingredients of LDTs (e.g., 

complex, unique interpretation functions). 

IVDMIAs thus do not fall within the scope of LDTs over which 

FDA has generally exercised enforcement discretion”

FDA.  Draft Guidance: In Vitro Diagnostic Multivariate Index Assays. Issued July 26, 2007.



Why did the FDA care about IVDMIAs?

“IVDMIAs raise significant issues of safety and effectiveness. 

These types of tests are developed based on observed correlations between multivariate data 
and clinical outcome, such that the clinical validity of the claims is not transparent to patients, 
laboratorians, and clinicians who order these tests. 

Additionally, IVDMIAs frequently have a high risk intended use … uses to make critical 
healthcare decisions when FDA has not ensured that the IVDMIA has been clinically validated 
and the healthcare practitioners are unable to clinically validate the test themselves. 

Therefore, there is a need for FDA to regulate these devices to ensure that the IVDMIA is safe 
and effective for its intended use.”

FDA.  Draft Guidance: In Vitro Diagnostic Multivariate Index Assays. Issued July 26, 2007.



What was the plan?

“FDA seeks to identify IVDMIAs as a discrete category of device, 

and to clarify that, even when offered as LDTs, IVDMIAs must 

meet pre- and postmarket device requirements under the Act 

and FDA regulations, including premarket review requirements 

in the case of most class II and III devices.”

FDA.  Draft Guidance: In Vitro Diagnostic Multivariate Index Assays. Issued July 26, 2007.



Examples of IVDMAs:

Devices classified under 21 CFR 866.6040, Gene expression profiling 
assay for breast cancer prognosis 

A device that integrates quantitative results from multiple 
immunoassays to obtain a qualitative “score” that predicts a person’s 
risk of developing a disease or condition. 

A device that integrates a patient’s age, sex, and genotype of 
multiple genes to predict risk of or diagnose a disease or condition.

FDA.  Draft Guidance: In Vitro Diagnostic Multivariate Index Assays. Issued July 26, 2007.



Examples of things NOT considered IVDMAs:

Devices that combine multiple variables into a single patient-specific result that facilitates an 
interpretation of the variables that clinicians could otherwise interpret themselves because of 
extensive experience and training in use of the device (e.g., standard maternal Triple Screen 
testing- measurement in the second trimester of AFP, hCG, and estriol). 

Common, public demographic risk calculations (e.g., Gail Index, Framingham Risk Score)

Devices such as Clinical Decision Support tools that analyze stored clinical information to, for 
example, flag patient results based on specific clinical parameters (e.g., out of range results, 
potential drug interactions, opportunities for complementary tests, etc.), create disease 
registries, summarize patient-specific information in an integrated report, and/or track a 
patient’s treatment or disease outcome. The analysis performed by these software platforms 
does not represent a unique interpretation function but rather summarizes standard 
interpretation of individual variables that clinicians could do themselves.

FDA.  Draft Guidance: In Vitro Diagnostic Multivariate Index Assays. Issued July 26, 2007.



What happened to IVDMAs and the 2007 Draft 

Guidance?

IVDMIA 2007 Draft Guidance potential effects:

“Black box” CDS algorithms would be regulated

LDTs with significant “black box” dry lab algorithms would be IVDMIAs

IVDIMAs would be regulated



2007 to 2016: A Decade of Regulatory Confusion

IVDMIA Draft Guidance was not adopted

Multiple companies developed “IVDMIAs” and 

submitted them for premarket approval



Example: Ovarian Cancer Screening

7% of woman have a pelvic abnormality on imaging

5-10% of woman in US with have prophylactic 

surgery for suspected ovarian cancer

Family history, pelvic exam, ascites, evidence of 

metastases, and CA125 (blood): 47% SN, 77% SP

Dearking AC et al. How relevant are ACOG and SGO 

guidelines for referral of adnexal mass? Obstet Gynecol. 

2007 Oct;110(4):841-8.



OVA1™ Test: 510(k) New Device 

Type of Test: Software algorithm and 5 immunoassays

Classification: Class II

Intended Use: a qualitative serum test that combines the results of five immunoassays 
into a single numerical score. It is indicated for women who meet the following 
criteria: over age 18; ovarian adnexal mass present for which surgery is planned, and 
not yet referred to an oncologist. 

The OVA1 Test is an aid to further assess the likelihood that malignancy is present 
when the physician’s independent clinical and radiological evaluation does not 
indicate malignancy. The test is not intended as a screening or stand-alone diagnostic 
assay

Reproduced from FDA 510k: k081754 

“The First FDA 

approved IVDMIA”

OVA1 is a trademark of Vermillion, Inc.



OVA1™

OvaCalc Software 

Reproduced from FDA 510k: k081754 

+



OVA1™ Test: 510(k) New Device 

PRECAUTION: The OVA1™ Test should not be used without an independent 

clinical/radiological evaluation and is not intended to be a screening test or to 

determine whether a patient should proceed to surgery. Incorrect use of the OVA1™ 

Test carries the risk of unnecessary testing, surgery, and/or delayed diagnosis. 

Reproduced from FDA 510k: k081754 



Risk of Ovarian Malignancy Algorithm (ROMA)

Women with a pelvic mass…

CA125, HE4, menopausal status -> high or low risk of malignancy

Prospective, multicenter, blinded clinical trial 

472 patients 

SN 93.8%

SP 74.9%

NPV 98%

Moore RG et al. Evaluation of the diagnostic accuracy of 

the risk of ovarian malignancy algorithm in women with a 

pelvic mass. Obstet Gynecol. 2011 Aug;118(2 Pt 1):280-8.

Approved by showing equivalency to OVA1



December 2016: 21st Century Cures Act

Amendments to the Food, Drug, and Cosmetic Act (the Act)

Defines how software in medicine can be NOT a ‘device’

‘Devices’ are regulated by the 

FDA per The Act

“The Act” includes criminal and 

civil liabilities for violations

… whether willful or not



For Software to be NOT a device,

It must meet all 4 criteria:

(1) not intended to acquire, process, or analyze a medical image or a signal from an in vitro 
diagnostic device or a pattern or signal from a signal acquisition system (section 137 520(o)(1)(E) of 
the FD&C Act); 

(2) intended for the purpose of displaying, analyzing, or printing medical information about a patient 
or other medical information (such as peer-reviewed clinical studies and clinical practice 
guidelines) (section 520(o)(1)(E)(i) of the FD&C Act); 

(3) intended for the purpose of supporting or providing recommendations to a health care 
professional about prevention, diagnosis, or treatment of a disease or condition (section 143 
520(o)(1)(E)(ii) of the FD&C Act); 

(4) intended for the purpose of enabling such health care professional to independently review the 
basis for such recommendations that such software presents so that it is not the intent that such 
health care professional rely primarily on any of such recommendations to make a clinical 
diagnosis or treatment decision regarding an individual patient (section 520(o)(1)(E)(iii) of the 
FD&C Act).1 



For Software to be NOT a device,

It must meet all 4 criteria:

(1) not intended to acquire, process, or analyze a medical image or a signal from an in vitro 
diagnostic device or a pattern or signal from a signal acquisition system (section 137 520(o)(1)(E) of 
the FD&C Act); 

(2) intended for the purpose of displaying, analyzing, or printing medical information about a patient 
or other medical information (such as peer-reviewed clinical studies and clinical practice 
guidelines) (section 520(o)(1)(E)(i) of the FD&C Act); 

(3) intended for the purpose of supporting or providing recommendations to a health care 
professional about prevention, diagnosis, or treatment of a disease or condition (section 143 
520(o)(1)(E)(ii) of the FD&C Act); 

(4) intended for the purpose of enabling such health care professional to independently review the 
basis for such recommendations that such software presents so that it is not the intent that such 
health care professional rely primarily on any of such recommendations to make a clinical 
diagnosis or treatment decision regarding an individual patient (section 520(o)(1)(E)(iii) of the 
FD&C Act).1 



Post-21st Century Cures Act 

GUIDANCE DOCUMENT

Clinical and Patient Decision Support Software

Draft Guidance for Industry and Food and Drug Administration 
Staff

DECEMBER 2017



(1) clinical decision support software intended for healthcare 

professionals 

(2) patient decision support software intended for patients and 

caregivers who are not healthcare professionals. 

https://www.fda.gov/media/109618/download

Dec 2017 CDS Draft Guidance

Scope…



Dec 2017 CDS Draft Guidance

Purpose: Identify Software Functions That…

(1) do not meet the definition of a device as amended by the Cures Act; 

(2) may meet the definition of a device but for which FDA does not 
intend to enforce compliance with applicable requirements of the FD&C 
Act, including, but not limited to, premarket clearance and premarket 
approval requirements; 

(3) FDA intends to focus its regulatory oversight on. 

https://www.fda.gov/media/109618/download



Dec 2017 CDS Draft Guidance

What about CDS?

https://www.fda.gov/media/109618/download

Clinical Decision Support (CDS): For the purposes of this 
guidance, FDA is using the term “CDS” to mean those 
software functions that meet the first, second, and third 
criteria of section 520(o)(1)(E) as listed above. 

CDS is not always excluded from the device definition by the 
Cures Act. Only when a CDS function also meets the fourth 
criterion of section 520(o)(1)(E), which relates to enabling 
independent review of the basis for recommendations, is the 
CDS function excluded from the definition of a device. 



Dec 2017 CDS Draft Guidance

What about CDS?

https://www.fda.gov/media/109618/download

Clinical Decision Support (CDS): For the purposes of this 
guidance, FDA is using the term “CDS” to mean those 
software functions that meet the first, second, and third 
criteria of section 520(o)(1)(E) as listed above. 

CDS is not always excluded from the device definition by the 
Cures Act. Only when a CDS function also meets the fourth 
criterion of section 520(o)(1)(E), which relates to enabling 
independent review of the basis for recommendations, is the 
CDS function excluded from the definition of a device. 





International Medical Device Regulators Forum’s 

(IMDRF)

Software as a medical device (Definition):

software intended to be used for one or more medical purposes 

that perform these purposes without being part of a hardware 

medical device

https://www.fda.gov/media/119722/download



FDA’s Current Criteria for SaMD

• Run’s a non-medical purpose computers

• Not necessary for hardware medical device to function



- The “Test Plan”

- Regulatory underpinning 



“Non-device” software functions are excluded 

from the Software Precertification Program:

1. administrative support of a health care facility

2. maintaining or encouraging a healthy lifestyle

3. electronic patient records

4. transferring, storing, converting formats, or displaying clinical laboratory 
tests or other device data and results, without interpreting or analyzing

5. certain types of limited clinical decision support. 

6. Software functions described in final guidance documents that may meet 
the definition of a device but for which FDA does not intend to enforce 
compliance with applicable requirements of the FD&C Act are not within the 
scope of the Software Pre-Cert Program.

https://www.fda.gov/media/119722/download



FDA Pre-Certification Pilot Program

Why?

https://www.fda.gov/medical-devices/digital-health-software-precertification-pre-cert-program/precertification-pre-

cert-pilot-program-frequently-asked-questions

“For Americans to see the full benefits of digital health 
products, we need a regulatory framework that 
accommodates the distinctive nature of digital health 
technology, its clinical promise, and the compressed 
cycle of product iterations. 

The FDA's traditional approach to medical devices is not 
well-suited to these products.”



FDA Pre-Certification Pilot Program

Goal?

https://www.fda.gov/medical-devices/digital-health-software-precertification-pre-cert-program/precertification-pre-

cert-pilot-program-frequently-asked-questions

“FDA’s goal with Pre-Cert is to regulate digital health 

technologies in a way that fosters innovation, 

the model the agency is piloting is firmly rooted in 

protecting patient safety.”



FDA Pre-Certification Pilot Program

What?

https://www.fda.gov/medical-devices/digital-health-software-precertification-pre-cert-program/precertification-pre-

cert-pilot-program-frequently-asked-questions

“a voluntary pathway that embodies a regulatory 

model more tailored than the current regulatory 

paradigm to assess the safety and effectiveness of 

software technologies without inhibiting patient 

access to these technologies.”



FDA Pre-Certification Pilot Program

Public Feedback

https://www.fda.gov/medical-devices/digital-health-software-precertification-pre-cert-program/precertification-pre-

cert-pilot-program-frequently-asked-questions

“ FDA is seeking public feedback on this version of the 
working model by March 8, 2019, 
at https://www.regulations.gov/comment?D=FDA-2017-
N-4301-0001. 

This feedback will be incorporated into future versions of 
the program model, which will also be disseminated for 
public input.”

https://www.regulations.gov/comment?D=FDA-2017-N-4301-0001


https://www.regulations.gov/comment?D=FDA-2017-N-4301-0001



https://www.fda.gov/media/119722/download



FDA Pre-Certification Pilot Program

Details

• Excellence Appraisal and Precertification

• Review Pathway Determination

• Streamlined Premarket Review Process

• Real-World Performance

https://www.fda.gov/media/119722/download



https://www.fda.gov/media/119722/download



https://www.fda.gov/media/119722/download



https://www.fda.gov/media/119722/download







https://www.fda.gov/media/119722/download



https://www.fda.gov/media/119722/download



https://www.fda.gov/media/119722/download



How can the FDA implement Software 

Precertification without new legislation?

Current Medical Device Classification

Class III: Premarket Approval (PMA) showing Safety and Efficacy

Class II: 510k clearance showing equivalency

Class I: Manufacturer Registers and Lists Product



What if there’s no predicate device?

Prior to 1997: PMA submission

1997: De novo classification as Class I or II possible after 510k 

submission

2012: De novo classification as Class I or II possible without 510k 

submission if no predicate device is found by manufacturer

https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfPMN/denovo.cfm



https://www.fda.gov/media/72674/download



De Novo Classification Authority and Software PreCert

“FDA intends to utilize the De Novo classification process 

… a pathway for certain new types of low to moderate risk 

devices for obtaining marketing authorization as class I or 

class II, rather than remaining automatically designated as 

a class III device that would require premarket approval.”

CDRH. Software Precertification Program Regulatory Framework_January 2019



https://www.fda.gov/medical-devices/digital-health/digital-health-software-precertification-pre-cert-program#who



Does self-appraisal make sense?

https://www.forbes.com/sites/marisagarcia/2019/03/29/why-fixing-the-faa-designee-program-is-not-a-matter-of-money/#239ceeee220b



These things too shall pass

https://bucshon.house.gov/sites/bucshon.house.gov/files/documents/daia%20summary.pdf



These things too shall pass … to whom?

https://bucshon.house.gov/sites/bucshon.house.gov/files/documents/daia%20summary.pdf



Summary

• The playing field is shifting for IVDMIA / SaMD / CDS

• The FDA and congress are trying to promote innovation

• Software PreCert program is on interesting legal ground

• Companies are lobbying / commenting / advocating strongly

• Will algorithms empower Laboratory Medicine or commoditize it?


