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Abstract

Background: Accurate application of reference standards (RSs) is essential for correct decision-making in areas governed by such
standards. Yet in real-world practice, even fully trained users often apply RSs inconsistently, due to cognitive overload, stress, or other
contextual factors, generating misleading evidence. This problem is exemplified by the fact that up to 80% of board-certified
hematologists mislabel patients with Sjogren syndrome (SS), a connective tissue disorder (CTD) associated with the greatest risk of
lymphoproliferative disorders compared to other CTDs. Embedding RS-based consultations with full objectivity into the decision-
making layers of digitalized and non-digitalized settings is critical for improving both decision-making and the quality of resulting
evidence. The aim of this proof-of-concept (POC) study is to apply a newly developed framework, the Fully Expert Human-based
Retrieval Augmented Generation (FEH-RAG) framework, to provide such a foundation for augmenting SS case labeling in routine daily
clinical practice.

Methods: In this POC study, using the nine steps of the FEH-RAG framework, seven expert end-users systematically selected the
most widely used SS classification criteria (SSCC) and extracted their elements, including items, definitions, item weights, and inter-
item relationships. Extracted items were profiled based on their usage in routine clinical practice. A pathway layout and decision tables
were developed accordingly. Following pathway generation, the residual misalignment of the outputs with the SSCC was assessed in a
cohort of patients at risk of SS. The experts predefined that the residual misalignment rate of the FEH-RAG outputs with the SSCC must
be <2% (95% confidence, using the rule of three).

Results: The FEH-RAG framework objectively generated RS-based, transparent, and traceable outputs, including decision tables, an
SS classification pathway, and a list of misinterpretations of the SSCC. These misinterpretations involved definitions of dry eye and dry
mouth, application of secondary SS criteria, handling SS criteria-specific exclusion rules, and interpretation of serological and objective
test results. This POC study achieved its expert-defined maximum misalignment threshold of <2% with 95% confidence (0 misalignment
in 150 consecutive patients at risk of SS).

Conclusion: This POC study established the needed foundation for improving SS case labeling in daily clinical practice across both
digital and non-digital settings. As shown here, publishing FEH-RAG outputs while highlighting potential RS misinterpretations offers
a transparent and traceable basis for augmenting decision-making in domains governed by RSs.
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There is a gap between the rules encoded in reference standards and their
correct application within real-world settings. This gap is exemplified in
Sjogren syndrome (SS), where the absence of diagnostic criteria leads
clinicians to rely on SS classification criteria when assigning an SS label.
However, clinicians, including expert rheumatologists, frequently
misapply these criteria, resulting in a notably high rate of SS patient
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reference standards, such as labeling of patients with SS.
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Introduction

Accurate application of reference standards (RSs) is fun-
damental for correct decision-making in settings governed
by such standards (1). Yet in real-world practice, even fully
trained users often apply RSs inconsistently due to cogni-
tive overload, stress, or other contextual factors (2-7). This
not only results in decision errors and inefficient resource
utilization but also produces misleading evidence (1, 4, 8-
11). This problem is illustrated in the labelling of patients
with Sjogren syndrome (SS), a complex connective tissue
disease (CTD) with the highest risk of lymphoproliferative
disorders (12-14). Clinicians to correctly label a SS case
solely rely on the SS classification criteria (SSCC) (12, 13).
The SS mislabeling rates, due to the misapplication of the
SSCC, even among experienced rheumatologists, are high
(15). Up to 80% of board-certified hematologists mislabel
the SS cases (14).

Artificial intelligence systems, both data-driven and non-
data-driven, are changing the world. They have the poten-
tial to reduce human decision errors. However, for their
safe daily use in high-stakes domains such as medicine, it
is crucial to manage their inherent limitations such as
opaque, hallucinated, and biased recommendations (7, 16-
20). These challenges cannot be resolved merely by hold-
ing their inherently error-prone end users accountable.

Embedding RS-based consultation with full objectivity into
the decision-making layers of digitalized and non-digital-
ized settings is critical for improving decision-making and
the quality of the resulting evidence. This can be accom-
plished via an actionable framework where RS elements,
rather than raw evidence, are retrieved objectively, trans-
parently, and traceably, maintaining full fidelity under ex-
pert oversight.

To address these gaps, this proof of concept (POC) study
applies the fully expert human-based retrieval augmented
generation (FEH-RAG) framework, developed by the cor-
responding author, to the specific challenge of SS labelling.

Methods

In this POC study, to establish an actionable foundation
for improving labeling of SS cases by clinicians, digital de-
velopers, and regulatory bodies, we applied the FEH-RAG
framework.

The FEH-RAG operates through nine iterative steps, both
within and between steps (Figure 1). Advancement beyond
step 2-7 requires achieving the maximum exact agreement
score regarding complete fidelity to the source RSs. This
score is calculated as the product of the number of working
group (WG) members (n) and the highest Likert scale value
(X), ensuring that every member is assigned the top score.
Criteria for advancing beyond step 8 are described in the
respective section.

Establish a Working Group (Step 1)

A hands-on working group of at least seven to nine mem-
bers is established (21), comprising RS end users who are
concurrently active in domain-specific, educational, and re-
search settings, and who have firsthand experience with
real-world workflows and cognitive demands .To
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maximize the detection of real-world RS misinterpreta-
tions, a key output of the framework, it is recommended
that all WG members have no more than 15 years of expe-
rience in the above settings (22). At least one technical
member (TM) is included in the WG. The number of TMs
is proportional to the number and complexity of the source
RSs. Within this framework, any disagreements arising
among TMs while performing their tasks are addressed by
the lead TM, as the corresponding or first author.

Selection of the Relevant RSs (Step 2)

To systematically and robustly identify consulted RSs
and their validation documents in practice, education, and
research, two complementary approaches are employed.
First, a field investigation (FI) is conducted. This involves
telephone interviews with at least three board-certified ex-
perts, independent of the WG, each with a minimum of 15
years of experience and currently actively engaged in do-
main-specific practice, teaching, and research. Second, RSs
relevant to a setting, along with their validation documents,
are identified for review. These include standards that are
published in domain-specific peer-reviewed journals (e.g.,
published articles in PubMed, Embase for medicine), incor-
porated into evidence-based databases (e.g., UpToDate for
medicine), or referenced in textbooks.

Review of the Source RSs (Step 3)

Each RS is objectively and iteratively reviewed, first by
the TMs and then by the remaining WG members, to extract
its elements and generate structured, actionable, and trace-
able decision tables detailing RS items, their definitions,
weights, and inter-item logics. The framework rule of
maintaining complete fidelity to the RSs highlights ele-
ments prone to misinterpretation. The decision tables
should be designed to be directly interpretable and actiona-
ble by not only domain-specific users but also other stakehold-
ers such as digital developers and regulatory bodies, with the
least possible dependency on domain-specific experts.

Profiling the Items of the RSs (Step 4)

Each RS item is profiled according to its role in decision
making within the specific setting in which the FEH-RAG
outputs will be used, for example, routine outpatient set-
tings where certain items are not assessed because they are
invasive, or limited-resource settings where some items are
unavailable.

Defining a Pathway Layout (Step 5)

Considering RSs in the context of end users’ workflows
and cognitive load, the profiled RS items are arranged into hi-
erarchical layers and sublayers to define the pathway layout.

Providing the Pathway Decision Table (Step 6)

For each RS, a top-down decision table is constructed.
Items in the first layer and its sublayers are first translated
into explicit conditional logic statements, which are then
expanded sequentially using items from subsequent layers
and sublayers.
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Figure 1. The Fully Expert Human-Based Retrieval Augmented Generation (FEH — RAG) Framework

Yeilding the Pathway (Step 7)

The lead TM uses the decision tables, the tables of pro-
filed RS items, the pathway layout, and pathway decision
tables to develop a preliminary pathway. This pathway is
then iteratively refined by the WG.

Checking Residual Misalignment of FEH-RAG Outputs
with the Source RSs (Step 8)

To detect residual misalignments (MAL), a cohort drawn
from the target population is evaluated by at least two inde-
pendent end users (2EU) using a paper format of the FEH-
RAG pathway and source RSs. A misalignment is recorded
when the pathway output does not match the output of at
least one of the source RSs.

At this stage, depending on the real-world frequency of
decision events and the rate of RS misuse, a prospective,
retrospective, or combined cohort may be used.

Retrospective cohorts are more appropriate when the deci-
sion event is infrequent, enabling efficient use of existing
data without requiring prolonged observation, and a pro-
spective cohort is recommended when RS misapplication is
common, allowing the outputs to be tested across a wide
range of decision scenarios.

Each recorded MAL that is adjudicated and categorized
by technical members (TM) is defined as follows:

1. True MAL: The MAL that results from non-fidelity to
the source RS in at least one output of FEH-RAG. True
MALSs may arise from errors in extracting the source RSs
(Source Extraction Error: SEE) or from incorrect applica-
tion of correctly extracted RS elements during steps 4—7
(Knowledge Engineering Error: KEE 47).

2. False MAL: The MAL that is not due to non-fidelity
of at least one FEH-RAG output to the source RSs, but ra-
ther to factors related to EUs. These may be due to
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misinterpretation of RSs by them (End Users Error: EUE)
or suboptimal navigation of the pathway, such as poor lay-
out, excessive length, or visual clutter (Navigational Error:
NE).

The cohort is divided into sequential groups, with the size
of groups determined dynamically during the study as fol-
lows. The size of the initial group is determined by the WG
based on key contextual factors, including the prevalence
of the decision event (e.g., disease prevalence for diagnos-
tic RSs), the number and complexity of source RSs, and
available human and financial resources. The lead of TMs
subsequently adjusts the size of the following groups based
on the rate and timing of MALS, ensuring efficient use of
the cohort by preventing premature or excessive involve-
ment of TMs.

To define the stopping point for this step (Advancement
rule) using the rule of three, the WG specifies the maximum
acceptable error rate for a decision event after applying the
FEH-RAG outputs as a foundation, based on real-world er-
ror rate. At this point, the FEH-RAG users will be 95% con-
fident that the rate of true MALs does not exceed the target
error rate threshold. For example, suppose that the current
error rate for a specific decision is 30%, and the WG de-
cides that, after FEH-RAG implementation, the acceptable
error rate should be reduced to 2%. According to the rule
of three, 150 consecutive cases without a true MAL are re-
quired to provide 95% confidence that the actual true MAL
rate does not exceed 2% (5, 23).

Peer-Reviewed Publication of the FEH-RAG-Based
Study (Step 9)

To ensure transparency of both the FEH-RAG outputs
and the systems built upon them, publication in a peer-re-
viewed journal is mandated as the final, non-optional step
of the framework. This enables stakeholders to critically
appraise the FEH-RAG outputs.

To establish a foundation for augmenting labeling of SS
cases, we implemented the FEH-RAG as follows:

IRAPSS WG Establishment (Step 1)

We convened a multidisciplinary WG, comprising mem-
bers who were actively engaged in teaching, research, and
clinical practice at Iran medical universities including three
rheumatologists with more than 25 years expertise as rheu-
matologist, three rheumatologists with more than 2 years
expertise as rheumatologist, one dentist with more than 25
years expertise as dentist and 10 years as epidemiologist, a
general practitioner with more than 25 years of experience

History and Search Details

Search Actions Details Query

#3 oo > Search: #1 AND #2 Sort by: Most Recent

including over six years of service as an executive and clin-
ical member of the Iran Primary Sjégren Syndrome Regis-
try (IRAPSS) (24).

Selection Relevant RSs for Labelling SS Patients (Step 2)

The only available guidance for correctly classifying a
patient with SS is provided by the SSCCs. To determine
which SSCCs are most widely used across clinical practice,
teaching, and research, and to identify their original valida-
tion articles, in which each SSCC was first introduced and
its validation methodology described, we reviewed the fol-
lowing resources:

a. Field investigation (Fi): We conducted telephone inter-
views with five board-certified rheumatologists, each with
more than 15 years of clinical, teaching, and research expe-
rience. Among them, three were also members of the
IRAPSS registry.

b. Rheumatology textbooks: The diagnostic sections of
widely used rheumatology textbooks in medical education,
including Kelley’s Textbook of Rheumatology and
Hochberg’s Rheumatology, were reviewed.

c. Evidence-based medicine resource: The UpToDate
platform was assessed to identify the SSCC referenced in
it.

d. PubMed database: A comprehensive literature review
was performed to identify the SSCCs applied in SS regis-
tries and clinical trials. Screening was conducted based on
titles and/or abstracts, followed by full-text review when
necessary (Figure 2).

The three most commonly used SSCCs were the Ameri-
can European Consensus Group (AECG) SS Classification
Criteria (25) , the American College of Rheumatology/Eu-
ropean League Against Rheumatism (ACR/ EULAR) Pri-
mary Sjogren Syndrome Classification Criteria (26), and
the American College of Rheumatology (ACR) SS Classi-
fication Criteria (27). These criteria are supported by the
highest available levels of evidence, derived primarily from
large international cohort studies. To maintain full fidelity
to the SSCC, the SSCC's original validation articles were
used as references for resolving any disagreements within
the WG.

Reviewing The SSCC (Step 3)

For the two categories of the SSCC, primary SS (pSS)
and secondary SS (sSS), five extraction tables (Tables 1-5)
were developed to represent all SSCC items, definitions,
item weights, and inter-item logical rules.

i‘ Download @ Delete

Results  Time

782 02:56:18

#2 o > Search: (("clinical trial”[Title]) OR (registr*[Title/Abstract])) OR 1,294,247 02:56:02

(cohort[Title/Abstract]) Sort by: Most Recent

#1 il > Search: sjogren[Title] Sort by: Most Recent

Showing 1 to 3 of 3 entries

12,657 02:54:40

Figure 2. PubMed Search Strategy for Selecting Sjogren Syndrome Classification Criteria
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Table 1. Decision table of 2002 American European Consensus Group criteria (AECG) for Sjogren syndrome, in respect of primary Sjogren syndrome (pSS) (25)

A. Hajiabbasi, et al.

Items that Ophthalmic symp- Oral Anti Ro Anti La Schirmer Rose Bengal Unstimulated Parotid si- Salivary scin-
Term of use should be ex- toms symptoms Ab Ab test with- or other ocu- whole sali- alography tigraphy Minor salivary
cluded out anal- lar dye score vary gland biopsy
gesic flow rate test
Classifying a Hepatitis C in- Positive answer to  Positive answer to + means: + means: + means: + means: + means: + means: + means: + means:
connective tissue fection at least one of the at least one of the
disease case as AIDS! three items three items.
primary Sjogren Sarcoidosis 1. Having 1. Having a daily Above Above <5mm >4 according < 1.5 cc per The pres- Delay uptake, Obtained
syndrome GVHD? DAILY, PERSIS- feeling of dry normal normal in5 to van Bi- 15 minutes ence of dif- reduced con-  through normal-
Past head and TENT, TROU- mouth for MORE limit limit minutes jesterveld's fuse sialec- centration apperaing mu-
neck radiation BLESOME dry THAN 3 score or tasias and/or delay cousa. Focal
treatment eyes for MORE MONTHS (not (punctate, excretion of lymphocytic si-
Preexisting lym- THAN 3 just a feeling of <0.5ccper 5 cavitary or tracer aloadenitis,
phoma MONTHS (not dry mouth) minutes destructive evaluated by an
2 Anticholinergic only having dry 2. FREQUENTLY pattern), expert histolo-
S drugs? eye) drink liquids to without evi- gist, with a fo-
é 2. Having a RE- aid in swallowing dence of ob- cus score >1,
B CURRENT sensa-  dry food (not just struction in defined as a
A tion of sand or sometimes drink the major number of lym-
gravel in the eyes liquids to aid in ducts. phocytic foci
(not only having swallowing dry (which are ad-
sensation of sand food) justed to nor-
or gravel in eyes) 3. RECUR- mal-appearing
3. Using tear sub- RENTLY or PER- mucous acini
stitutes AT SISTENTLY and contain
LEAST 4 TIMES swollen salivary more than 50
A DAY (notonly  glands in ADULT lymphocytes)
3 times or less and per 4 mm? of
not only ophthal- glandular tissue
mic drops)
If negative, = 0. If negative, = 0. 1 if Ro and/or La is +. If all of them is -, = 0. If all of them is -, = 0
If positive + but If positive + but 0 if both are - If at least one of them is + If at least one of them is + and Ro, La and If-=0
Ro*, La’ and Ro, La and MSGB and Ro, La and MSGB are - MSGB are -, = 0. If+=1
- MSGB are - , = are-,=0. ,=0. If at least one of them is + and Ro, La or
Eo 8 0. If positive and Ro, If at least one of them is + MSGB are/is +, = 1
§ é If positive and Ro, La and/or MSGB and Ro, La or MSGB are/is
La and/or MSGB are/is +,= 1. +,=1.
are/is +, = 1.

If sum of weight >4 - AECG is met for pSS.
In pateints without ophthalmic and oral symptoms: If sum of weight >3 > AECG is met for pSS

1.AIDS: acquired immunodeficiency syndrome,2.Graft versus host disease, 3. Use of anticholinergic drugs for a time shorter than 4 times the half-life of life of drug,4. Anti Ro antibody, 5. Anti La, 6. Minor salivary gland biopsy
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Table 2. Decision table of 2002 American European Consensus Group criteria (AECG) for Sjogren syndrome, in respect of secondary Sjdgren syndrome (sSS) (25)

Items that Schirmer Rose Bengal or ~ Unstimulated Parotid sialog- Salivary scintigra- Minor salivary gland biopsy
Term of use should be ex- test without other ocular whole sali- raphy phy
cluded analgesic dye score vary
flow rate test
[An individual who has:
oral symptoms (Positive response to at least one of
them, including: 1. Having a DAILY feeling of dry
mouth for MORE THAN 3 MONTHS (not just a Hepatitis C in- + means: + means: + means: + means: + means: + means:
feeling of dry mouth) 2 .FREQUENTLY drink lig- fection
uids to aid in swallowing dry food (not just some- AIDS'
2 times drink liquids to aid in swallowing dry food), Sarcoidosis <5mmin5 >4 according < 1.5 cc per The presence of Delay uptake, re- Obtained through normal-ap-
S 3. RECURRENTLY or PERSISTENTLY swollen GVHD? minutes to van Bijester- 15 minutes diffuse sialecta- duced concentra- peraing mucousa. Focal lym-
g salivary glands in an ADULT, Past head and veld's score sias (punctate, tion and/or delay phocytic sialoadenitis, evalu-
B neck radiation cavitary or de- excretion of tracer  ated by an expert histologist,
R and/or treatment structive pattern), with a focus score >1, defined
Preexisting lym- without evidence as a number of lymphocytic
ophthalmic symptoms (Positive response to at least phoma of obstruction in foci (which are adjusted to
one of them, including: 1 .Having DAILY, PER- Anticholinergic the major ducts. normal-appearing mucous ac-
SISTENT, TROUBLESOME dry eyes for MORE drugs® ini and contain more than 50
THAN 3 MONTHS (not only having dry eye), 2 . lymphocytes) per 4 mm? of
Having a RECURRENT sensation of sand or gravel glandular tissue
in the eyes (not only having sensation of sand or
gravel in eyes), 3 .Using tear substitutes AT
LEAST 4 TIMES A DAY (not only 3 times or less If all of them is -, = 0. If all of them is -, = 0. If at least one of them is +, = 1 If-=0
and not only ophthalmic drops),] If at least one of them is +, = 1 If+=1
= 8 and
205
O
= Have CORRECTLY MET the classification criteria

of another well-defined connective tissue disease,
such as systemic lupus erythematosus or rheuma-
toid arthritis etc.

If sum of weights >2-> AECG is met for sSS.

1. AIDS: acquired immunodeficiency syndrome,2.Graft versus host disease, 3.Use of anticholinergic drugs since a time shorter than 4 fold the half of life of drug.
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Table 3. Decision table of 2016 American College of Rheumatology/European League Against Rheumatism (ACR/EULAR) for primary Sjogren syndrome (pSS) criteria (26)

Items that Anti Ro Schirmer Ocular Van Unstimulated Minor salivary
Term of use should be excluded Ab test without  staining Bijsterveld whole salivary gland biopsy
analgesic score score flow rate test
[An individual positive response to at least 1 of the follow-
ing questions
1 .Having DAILY, PERSISTENT, TROUBLESOME dry
eyes for MORE THAN 3 MONTHS (not only having dry Active hepatitis C infec-  + means: + means: + means: + means: + means: + means:
2 eye) tion (with confirmation
S 2 .Having a RECURRENT sensation of sand or gravel in by polymerase chain re- Above <5mm =5 >4 <0.5 ccper 5 Obtained through normal-apperaing mu-
é the eyes (not only having sensation of sand or gravel in action) normal in5 minutes cousa. Focal lymphocytic sialoadenitis,
B eyes) AIDS' limit minutes evaluated by an expert histologist, with a
= 3 .Using tear substitutes AT LEAST 4 TIMES A DAY (not Sarcoidosis focus score >1, defined as a number of
only 3 times or less and not only ophthalmic drops ) GVHD? lymphocytic foci (which are adjusted to
4. Having a DAILY feeling of dry mouth for MORE THAN History of head and normal-appearing mucous acini and con-
3 MONTHS (not just a feeling of dry mouth) neck radiation treatment tain more than 50 lymphocytes) per 4
5 .FREQUENTLY drink liquids to aid in swallowing dry Amyloidosis mm? of glandular tissue
food (not just sometimes drink liquids to aid in swallowing IgG4 related disease
dry food) Anticholinergic drugs’  If-=0  Ifall of them is -, = 0. If at least one of If-=0 If-=0
OR If+=3 themis +, =1 If+=1 If+=3
A patient with other SS suggestive symptoms or signs based
- on Eular Sjogren syndrome disease activity index ]
f?_)ﬂ 13 If sum of weights >4 > ACR/EULAR is met for pSS.
- AND

[The individual HAS NOT CORRECTLY MET the classifi-

cation criteria of another well-defined connective tissue dis-

ease such as systemic lupus erythematosus or rheumatoid ar-
thritis etc.]

1.AIDS: acquired immunodeficiency syndrome,2.Graft versus host disease, 3.Use of anticholinergic drugs in previous 24 hours.
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Table 4. Decision table of 2012 American College of Rheumatology criteria (ACR) for Sjogren syndrome, in respect of primary Sjogren syndrome (pSS) (27)

ITtems that Anti Anti La Antinuclear Rheuma- Keratoconjectivitis Minor salivary gland biopsy
Term of use should be excluded ~ Ro Ab Ab Ab toid factor SICCA score
An individual with SS suggestive Hepatitis C infec- + + + means: + means: + means: + means:
symptoms or signs who HAS NOT tion means:  means:
CORRECTLY MET the classifica- AIDS' Above normal limit by IM- Above nor- > 3, assuming that indi- Obtained through normal apperaing
2 tion criteria of another well-defined Sarcoidosis Above Above MUNOFLUORESCENCE mal vidual is not currently mucousa. Focal lymphocytic siaload-
8 connective tissue disease such as sys- GVHD? normal  normal method limit using daily eye drops enitis, evaluated by an expert histolo-
é temic lupus erythematosus or rheu- History of head and limit limit for glaucoma, and has gist, with a focus score >1, defined as
B matoid arthritis etc. neck radiation not had corneal surgery  a number of lymphocytic foci (which
= treatment or cosmetic eyelid sur-  are adjusted to normal-appearing mu-
Amyloidosis gery in the last 5 years) cous acini and contain more than 50
1gG4 related dis- lymphocytes) per 4 mm? of glandular
ease tissue
Anticholinergic
2 5 drugs® 0 if Ro —and La — and, one of ANA or RF -. 1 if (Ro* or La®) or, 0if-. 0if-.
-§’ ;3 (ANAS and RF7) was + 1if+ Lif+

If sum of weights >2 > ACR is met for pSS.

1.AIDS: acquired immunodeficiency disease syndrome,2.Graft versus host disease, 3.Use of anticholinergic drugs in previous 24 hours,4. Anti Ro antibody, 5. Anti La, 6. Antinuclear antibody with immunofluorescence method, 7. Rheumatoid

factor
Tuble 5. Decision table of 2012 American College of Rheumatology criteria (ACR) for secondary Sjogren syndrome (sSS) (27)
SS items that Anti Anti La Antinuclear Rheumatoid Keratoconjectivitis Minor salivary gland biopsy
Term of use should be excluded Ro Ab Ab Ab factor SICCA score
An individual with suggestive Hepatitis C infection + + + means: + means: + means: + means:
SS symptoms or signs who AIDS' means:  means:
HAS CORRECTLY MET the Sarcoidosis Above normal limit by IM- Above nor- >3, assuming that the Obtained through normal-apperaing
classification criteria of another GVHD? Above Above MUNOFLUORESCENCE mal limit individual is not cur- ~ mucousa. Focal lymphocytic sialoade-
g well-defined connective tissue Head and neck radiation ~ normal ~ normal method rently using daily eye nitis, evaluated by an expert histolo-
= disease such as systemic lupus treatment limit limit drops for glaucoma, gist, with a focus score >1, defined as
z% erythematosus or rheumatoid ar- Amyloidosis and has not had cor- a number of lymphocytic foci (which
a thritis etc. IgG4 related disease neal surgery or cos- are adjusted to normal-appearing mu-
Anticholinergic drugs® metic eyelid surgery in cous acini and contain more than 50
the last 5 years) lymphocytes) per 4 mm? of glandular
tissue
- 0 if Ro —and La — and, one of ANA or RF -. 1 if (Ro* or La) or, 0if - 0if -
538 (ANA® and RF") was + 1if + 1if +
S &

If sum of weights >2 - ACR is met for sSS.

1.AIDS: acquired immunodeficiency syndrome,2.Graft versus host disease, 3.Use of anticholinergic drugs in previous 24 hours,4. Anti Ro antibody, 5. Anti La, 6. Antinuclear antibody with immunofluorescence method, 7. Rheumatoid factor
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Profiling of the SSCC Items (Step 4)

The items of the SSCC were profiled according to their
utility in the clinicians' routine clinical practice (Table 6):

- Type: Clinical versus paraclinical

- Accessibility: Available, hardly available, Not availa-
ble

- Invasiveness: Not invasive, invasive, very invasive

- Reliability: The most, the least

- Use in clinical routines: Yes, No

Laying out the IRAPSS Pathway (Step 5)

First, the minimum data set (MDS) for the IRAPSS path-
way was selected (bolded items in Table 6). These items,
routinely assessed in daily clinical practice, are widely
available and highly reliable and include anti-Ro and anti-
La antibodies, antinuclear antibody assessed by immuno-
fluorescence (FANA), rheumatoid factor, Schirmer’s test
without analgesic (Schirmer), unstimulated whole salivary
flow rate (USWSFR), and minor salivary gland biopsy
(MSGB), together with the inclusion and exclusion rules
defined by the SSCCs.

Then, using the source extraction tables (Tables 1-5) and
the MDS (Table 6), the hierarchical architecture of the
IRAPSS pathway was established (Table 7), incorporating
layers, sublayers, and the structured positioning of each
item. In designing this pathway, it was assumed that pa-
tients either had no prior rheumatologic diagnosis or that
any previously assigned rheumatologic diagnoses were in-
correct. This approach allows identification of SS patients
who may have been previously mislabeled, ensuring accu-
rate labeling independent of prior diagnostic errors.

Accurate labeling also requires careful consideration of
potential false-positive and false-negative paraclinical re-
sults. To address this, ‘+’ and ‘=’ were defined as true pos-
itive and true negative, respectively. For example, a nega-
tive anti-Ro result may conceal low-titer anti-Ro52 positiv-
ity, while a negative Schirmer’s test could result from prior
analgesic use. Likewise, unstandardized methodologies
may produce misleading USWSFR or false-negative
MSGB results.

To facilitate access to the standard method of USWSFR,
Schirmer and MSGB, and Eular Sjégren syndrome disease
activity index (ESSDAI), four QR codes linking to them
were provided alongside the IRAPSS pathway.

IRAPSS Pathway Decision Tables (Step 6)

The IRAPSS pathway decision tables were developed
based on clinical workflows (Tables 8—13). During their
construction, it was assumed that a patient met inclusion
rules and have no any exclusion criteria. Additional as-
sumptions were as follows:

a. pSS section: Patients were assumed to have no well-
defined concurrent CTD.

b. sSS section: Patients were assumed to have a well-de-
fined concurrent CTD.

Yeilding The IRAPSS Pathway (Step 7)
The TM developed a preliminary pathway using the
SSCC decision tables, the tables of profiled items, the

A. Hajiabbasi, et al.

IRAPSS pathway layout, and pathway decision tables. This
pathway was then iteratively refined by the WG.

Checking Residual Misalignment to the SSCC (Step 8)

Using a cohort of patients at risk of SS drawn from the
IRAPSS registry clinic, two independent clinicians evalu-
ated whether the labeling of patients, using the paper-based
SSCC and pathway, was equal. The detected misalignments
(MALs) by them were adjudicated and categorized by a
T™:

a. All MALs were false.

b. All false MALSs were due to NE secondary in the path-
way on multiple pages.

To determine the stopping point for this step, the WG
considered a maximum acceptable true MAL rate of 2%
with 95% confidence. To meet this threshold, it was calcu-
lated that at least 150 consecutive patients without true
MALSs were required.

The stopping criterion was satisfied after 150 consecutive
patients with no true MALs. The step was continued as part
of quality assurance for patient enrollment in the IRAPSS
registry. Among the subsequent 60 consecutive patients, no
SEE, KEE, or NE events were observed.

Peer-reviewed Publication Study (Step 9)
This study was published in a journal that is indexed in
PubMed.

Results

To provide an actionable foundation for augmenting la-
beling of cases with SS, we used the FEH-RAG framework.
This framework provided not only the SSCC decision ta-
bles but also the profiling, layout, and decision tables of the
IRAPSS pathway. Based on FEH-RAG, progression
through steps 2—7 required attaining the maximum exact-
agreement score about complete fidelity to the SSCC.
Achieving this enabled the identification of a list of SSCC
misinterpretations, which included (25-27):

1. Definitions of the SS-related dry eye, and dry mouth:

A case is considered to have SS related dry eye only if
dry eye exists daily, for more than three months AND, is
persistent and troublesome OR results in recurrent sensa-
tion of sand or gravel in eyes OR induces the need to use at
least 4 times per day tear substitute to recover (Ask about
the times needed for dry eye recovery NOT the frequency
of tear substitute by the patient). In addition, not all tear
substitutes are ophthalmic drops. Ophthalmic lubricants
should be counted.

A case has SS-related dry mouth, only if dry mouth exists
daily and for more than three months, OR results in the need
to drink liquids to help in swallowing dry food and it occurs
frequently.

2. Definition for the SS-related salivary gland swelling:

Recurrent or persistent salivary gland swelling, which is
not due to any other causes such as stone, infection, IgG4-
related disease, sarcoidosis, and so on, is considered SS-
related only if it has happened during the adulthood period.
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Table 6. Profile of Sjogren syndrome classification criteria items (25-27) based on their use in routine clinical practice (Bolded items were selected for using in the IRAPSS pathway)

Items of selected Sjogren syndrome classification criteria

SS suggestive symptoms and signs (Including Eular Sjégren syn-
drome disease activity index)

Oral and ophthalmic symptoms

Hepatitis C infection

Active Hepatitis C infection was confirmed by polymerase chain
reaction

Acquired immunodeficiency syndrome

Amyloidosis

Sarcoidosis

Graft Versus host disease

IgG 4 related disease

History of head and neck radiation treatment
Preexisting lymphoma

Using anticholinergic drugs

Anti Ro Ab

Anti La Ab

Rheumatoid factor

Antinuclear antibody (by immunofluorescence method)
Unstimulated whole salivary flow rate

Parotid sialography

Salivary scintigraphy

Schirmer test without analgesic

Ocular Staining Score (SICCA or other dye score)

Minor salivary gland biopsy

Do your patients who have fulfilled at least one of the primary
Sjogren syndrome criteria, have correctly met the classification
criteria of another well-defined connective tissue disease, such as
systemic lupus erythematosus or rheumatoid arthritis etc?

Item characteristics

Type Availability Invasiveness Reliability Requested
in clinicians' clinical routines

Clinical and or para-clinical Available Not to very invasive The most Yes
Clinical Available Not invasive The most Yes

Clinical and or para-clinical Available Not to very invasive The most Yes
Clinical and or para-clinical Available Not to very invasive The most Yes
Clinical and or para-clinical Available Not to very invasive The most Yes
Clinical and or para-clinical Available Not to very invasive The most Yes
Clinical and or para-clinical Available Not to very invasive The most Yes
Clinical and or para-clinical Available Not to very invasive The most Yes
Clinical and or para-clinical Available Not to very invasive The most Yes
Clinical and or para-clinical Available Not to very invasive The most Yes
Clinical and or para-clinical Available Not to very invasive The most Yes
Clinical Available Not invasive The most Yes
Para-clinical Available Invasive The most Yes
Para-clinical Available Invasive The most Yes
Para-clinical Available Invasive The most Yes
Para-clinical Available Invasive The most Yes
Para-clinical Available Non invasive The most Yes
Para-clinical Hardly available Very invasive The least No
Para-clinical Hardly available Very invasive The least No
Para-clinical Available Invasive The most Yes
Para-clinical Not Available Invasive The most No
Para-clinical Available Very Invasive The most Yes
Clinical and or para-clinical Available Not to very invasive The most Yes
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Table 7. Layout of the IRAPSS pathway (layers, sublayers and, item list (25-27) and location)

Outlines Layer name Rank Sub-layer name Sub layers
ranks
Individual with suspected or confirmed connective tissue 0 - -
disorder
Terms of use and excluding rules 1 Oral ! and Ophthalmic? symptoms and using anticholinergic drug/s 1
Check the primary Other SS suggestive symptoms or signs 2
Sjogren criteria 2 Conditions need to be excluded: List * and using anticholinergic drug/s -
(pSS) Paraclinics required to determine fulfillment of pSS clas- 3 Anti Ro Ab, Anti La Ab, Antinuclear Ab by immunofluorescence method, rheumatoid factor 1
sification criteria Schirmer test without analgesic and Unstimulated whole salivary flow rate and using anti- 2
cholinergic drug/s
Minor salivary gland biopsy 3
Type of pSS criteria that was met 4
Assessment of whether the case correctly meets classifi- 4 -—-
cation criteria for another well-defined connective tissue
disease (e.g., systemic lupus erythematosus or rheuma- -
toid arthritis)
Check the secondary Term of use 5 Correctly met the classification criteria of another well-defined connective tissue disease 1
Sjogren criteria such as systemic lupus erythematosus or theumatoid arthritis etc.
(sSS) Checking Oral and/or Ophthalmic symptoms AND using anticholinergic drug/s AND 2
whether ACR was met
6 Conditions need to be excluded: List * -
Paraclinics required to determine fulfillment of sSS clas- 7 Schirmer test without analgesic and Unstimulated whole salivary flow rate and using anti- 1
sification criteria cholinergic drug/s
Minor salivary gland biopsy 2
Type of sSS criteria that was met 3

1. Oral symptoms: Positive response to at least one of them, including: a. Having a DAILY feeling of dry mouth for MORE THAN 3 MONTHS (not just a feeling of dry mouth) b .FREQUENTLY drink liquids to aid in swallowing dry food
(not just sometimes drink liquids to aid in swallowing dry food), c. RECURRENTLY or PERSISTENTLY swollen salivary glands in an adult, 2. Ophthalmic symptoms: Positive response to at least one of them including: a .Having DAILY,
PERSISTENT, TROUBLESOME dry eyes for MORE THAN 3 MONTHS (not only having dry eye), b .Having a RECURRENT sensation of sand or gravel in the eyes (not only having sensation of sand or gravel in eyes), c. Using tear substitutes
AT LEAST 4 TIMES A DAY (not only 3 times or less), 3. a. Active hepatitis C (not only infection of hepatitis C): positive polymerase chain reaction, b. Infection of hepatitis c¢. Acquired immunodeficiency syndrome, d. Amyloidosis, e.
Sarcoidosis, f. Graft versus host disease, g. IgG 4 related disease, h. History of head and neck radiation treatment, i. Preexisting lymphoma.
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Table 8. Decision table of primary Sjogren syndrome (pSS) section of IRAPSS pathway; item, definitions, weight of items and, inter item logics (continued):

A. Hajiabbasi, et al.

2002 American European Consensus Group criteria for primary Sjogren syndrome (AECG) (25)

Term of use SS items that Ophthalmic Oral
should be excluded symptoms* Symptoms® Ro La RF°  ANA'" Schirmer ! USWSFR'"? MSGB
Hepatitis C infection If negative, = 0. If negative, = 0 0 If Schirmer is -, = 0. IfUSWSFR is -, = 0. If-=0
AIDS! If positive + but 0. If+=1
Sarcoidosis Ro’, La ®and If positive + If Schirmer is + and If USWSFR is + and
Classifying a connective tissue disease GVHD? MSGB’ are -, = but Ro, La and 1 if Ro and/or La Ro, La and MSGB Ro, La and MSGB are
case as primary Sjogren syndrome History of head and neck 0. MSGB are -, = is +. are -, =0 -=0
R radiation treatment If positive and 0. 0 if both are -
%D % Preexisting lymphoma Ro, La and/or If positive and If Schirmer is + and If USWSFR is + and
= & Anticholinergic drugs® MSGB are/is +, Ro, La and/or Ro, La or MSGB Ro, La or MSGB
=1 MSGB are/is are/is +, =1 are/is +,= 1
+,=1
If sum of weight >4 - AECG is met for pSS.
In pateints without ophthalmic and oral symptoms: If sum of weight >3 - AECG is met for pSS
2016 American College of Rheumatology/European League Against Rheumatism criteria (ACR/EULAR) (26)

[An individual positive response to at Active hepatitis C"? 0 0 0 if Ro-. 0 0 0 If Schirmer is -, = 0. If USWSFR is -, = 0. If-=0
least 1 of the following questions 1 .Hav- AIDS 3 ifRot+ If Schirmer is +, = 1 IfUSWSFRis +,=1 If+=3
ing DAILY, PERSISTENT, TROUBLE- Sarcoidosis

SOME dry eyes for MORE THAN 3 GVHD
MONTHS (not only having dry eye), 2 . History of head and neck

Having a RECURRENT sensation of radiation treatment
sand or gravel in the eyes (not only hav- Amyloidosis
ing sensation of sand or gravel in eyes), IgG4 related disease

3 .Using tear substitutes AT LEAST 4 Anticholinergic drugs

TIMES A DAY (not only 3 times or

- less), 4. Having a daily feeling of dry . .
Eﬂ B mouth for MORE THAN 3 MONTHS If sum of weights >4 > ACR/EULAR is met for pSS.
= &  (not just a feeling of dry mouth), 5 FRE-

QUENTLY drink liquids to aid in swal-
lowing dry food (not just sometimes
drink liquids to aid in swallowing dry
food)] OR [A patient with other SS sug-
gestive symptoms or signs based on Eu-
lar Sjégren] AND [The individual HAS
NOT CORRECTLY MET the classifica-
tion criteria of another well-defined con-
nective tissue disease such as systemic
lupus erythematosus or rheumatoid ar-
thritis etc.]

1.AIDS: Acquired immunodeficiency syndrome,2.Graft versus host disease, 3.Use of anticholinergic drugs for a time shorter than 4 fold the half-life of the drug, 4. Ophthalmic symptoms definition- Positive response to at least one of them including: a. Having
DAILY, PERSISTENT, TROUBLESOME dry eyes for MORE THAN 3 MONTHS (not only having dry eye), b. Having a RECURRENT sensation of sand or gravel in the eyes (not only having sensation of sand or gravel in eyes), c. Using tear substitutes AT
LEAST 4 TIMES A DAY (not only 3 times or less), 5. Anti Ro antibody, 6. Anti La, 7. Minor salivary gland biopsy, 8 Oral symptoms definition — Positive response to at least one of them including: a. Having DAILY feeling of dry mouth for MORE THAN 3
MONTHS (not just feeling of dry mouth) b. FREQUENTLY drink liquids to aid in swallowing dry food (not just sometimes drink liquids to aid in swallowing dry food), c. RECURRENTLY or PERSISTENTLY swollen salivary glands in ADULT, 9. Rheumatoid
factor, 10.Antinuclear antibody with immunofluorescence method, 11. Schirmer test without analgesic, 12. USWSFR: Un stimulated whole salivary flow rate, 13. Confirmed by polymerase chain reaction.
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Table 8. Decision table of primary Sjogren syndrome (pSS) section of IRAPSS pathway; item, definitions, weight of items and, inter item logics

2012 American College of Rheumatology criteria (ACR) (27)

Term of use SS items that Ophthalmic Oral
should be excluded symptoms symptoms Ro La RF ANA Schirmer USWSFR MSGB
An individual with SS suggestive symp- Hepatitis C infection
toms or signs who HAS NOT COR- AIDS 0 0 If Ro- and La- and, one of ANA or RF -=0 If-=0
RECTLY MET the classification criteria Sarcoidosis If (Ro+ and or La+) or (ANA+ and RF +) =1 0 0 If+=1
% % of another well-defined connective tissue GVHD
CRE! disease such as systemic lupus erythema- History of head and neck ra-
Z % tosus or rheumatoid arthritis etc. diation treatment

Amyloidosis
1gG4 related disease
Anticholinergic drugs

If sum of weights >2 > ACR is met for pSS.

1.AIDS:Acquired immunodeficiency syndrome,2.Graft versus host disease, 3.Use of anticholinergic drugs since a time shorter than 4 times the half-life of drug, 4. Ophthalmic symptoms definition- Positive response to at least one of them including: a.
Having DAILY, PERSISTENT, TROUBLESOME dry eyes for MORE THAN 3 MONTHS (not only having dry eye), b. Having a RECURRENT sensation of sand or gravel in the eyes (not only having sensation of sand or gravel in eyes), c. Using tear
substitutes AT LEAST 4 TIMES A DAY (not only 3 times or less), 5. Oral symptoms definition — Positive response to at least one of them including: a. Having DAILY feeling of dry mouth for MORE THAN 3 MONTHS (not just feeling of dry mouth)
b. FREQUENTLY drink liquids to aid in swallowing dry food (not just sometimes drink liquids to aid in swallowing dry food), c. RECURRENTLY or PERSISTENTLY swollen salivary glands in ADULT, 6. Anti Ro antibody, 7. Anti La, 8. Rheumatoid
factor, 9. Antinuclear antibody with immunofluorescence method, 10. Schirmer test without analgesic, 11. USWSFR: Un stimulated whole salivary flow rate, 12.Minor salivary gland biopsy,
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Table 9. Decision table of secondary Sjogren syndrome (sSS) section of IRAPSS pathway; item, definitions, weight of items and, inter item logics
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2002 American European Consensus Group criteria for Sjogren syndrome (AECG) (25)

Anticholinergic drugs

Term of use SS items that Oral Ophthal-
should be excluded symp- mic symp- Ro® La’ RF® ANA’ Schirmer ' USWSFR! MSGB"
toms toms
A case with oral' and or ophthal- Hepeatitis C infection 0 0 0 0 0 0
mic? symptoms that CORRECTLY AIDS? If Schirmer is -, =0. IfUSWSFRis -, = 0. If-=0
MEETs the classification criteria of Sarcoidosis If Schirmeris +,=1 IfUSWSFRis+, =1 If+=1
%0 % another well-defined connective tis- GVHD*
CRE sue disease such as systemic lupus History of head and neck ra-
Z A~ erythematosus or rheumatoid arthri- diation treatment
tis etc. Preexisting lymphoma
Anticholinergic drugs® If sum of weights > 2 > AECG is met for sSS.
2012 American College of Rheumatology criteria (ACR) (27)
An individual with suggestive SS Hepeatitis C infection 0 0 If Ro- and La- and, one of ANA or RF -=0 0 0 If-=0
symptoms or signs who HAS COR- AIDS If (Ro+ and or La+) or (ANA+ and RF +) If+=1
RECTLY MET the classification Sarcoidosis =1
- criteria of another well-defined con- GVHD
féo 8 nective tissue disease such as sys- Head and neck radiation
g é temic lupus erythematosus or rheu- Preexisting lymphoma If sum of weights >2 - ACR is met for sSS.
matoid arthritis etc. Amyloidosis
1gG4 related disease

1. Oral symptoms definition — Positive response to at least one of them including: a. Having a DAILY feeling of dry mouth for MORE THAN 3 MONTHS (not just a feeling of dry mouth) b. FREQUENTLY drink liquids to aid in swallowing dry food
(not just sometimes drink liquids to aid in swallowing dry food), c. RECURRENTLY or PERSISTENTLY swollen salivary glands in ADULT, 2. Ophthalmic symptoms definition- Positive response to at least one of them including: a. Having DAILY,
PERSISTENT, TROUBLESOME dry eyes for MORE THAN 3 MONTHS (not only having dry eye), b. Having a RECURRENT sensation of sand or gravel in the eyes (not only having sensation of sand or gravel in eyes), ¢. Using tear substitutes AT
LEAST 4 TIMES A DAY (not only 3 times or less), 3.AIDS:Acquired immunodeficiency syndrome,4.Graft versus host disease, 5.Use of anticholinergic drugs since a time shorter than 4 fold the half of life of drug, 6. Anti Ro antibody, 7. Anti La, 8.
Rheumatoid factor, 9. Antinuclear antibody with immunofluorescence method, 10. Schirmer test without analgesic, 11. USWSFR: Un stimulated whole salivary flow rate, 12. Minor salivary gland biopsy.
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Table 10. Scenarios based decision table of American Eular Consensus Group criteria (AECG) for primary Sjogren syndrome (pSS); combination of oral symptoms, ophthalmic symptoms, Schirmer test without analgesic,
unstimulated whole salivary flow rate and minor salivary gland biopsy and their potential overlap with its secondary Sjégren syndrome (sSS) criteria (continued) (25)

Possible scenarios Oral' Ophthalmic? Serology® Schirmer* ~ USWSFR® MSGB?® Met rule: Potential overlap with AECG - defined sSS
4/6, 3 objective/ No pSS (assuming existence of another CTD)
(sSS, m.sSS: may be sSS if MSGB+, or No sSS)
1 + + + No Need 4/6, 3 objectives sSS
2 + + - No Need 4/6, 2 objectives m.sSS
3 + - + No Need 4/6, 2 objectives m.sSS
+ 4/6, 2 objectives No sSS
4 + - - Mandat ’
. . andatory No pSS No sSS
5 ) 4 4 Mandatory + 4/6, 3 objectives sSS
- No pSS sSS
6 ) 4 ) Mandatory + 4/6, 2 objectives sSS
- No pSS No sSS
2 ) ) 4 Mandatory + 4/6, 2 objectives sSS
- No pSS No sSS
8 - - - No Need No pSS No sSS
9 + + + No Need 4/6, 3 objectives sSS
10 . N ) Mandato + 4/6, 3 objectives sSS
A No pSS No 5SS
1 . } . Mandatory + 4/6, 3 objectives sSS
. ) - No pSS No sSS
12 + - - No Need No pSS No sSS
13 ) N N Mandatory + 4/6, 3 objectives sSS
- No pSS sSS
14 - + - No Need No pSS m.sSS
15 - - + No Need No pSS m.sSS
16 - - - No Need No pSS No sSS
17 + + + No Need 4/6, 3 objectives sSS
18 N N ) Mandatory + 4/6, 3 objectives sSS
- No pSS No sSS
19 N ) N Mandatory + 4/6, 3 objectives sSS
) 4 - No pSS No sSS
20 + - - No Need No pSS No sSS
+ 4/6, 3 objectives sSS
- + Mandat ’
21 * andalory No pSS sSS
22 - + - No Need No pSS m.sSS
23 - - + No Need No pSS m.sSS
24 - - - No Need No pSS No sSS
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Table 10. Scenarios-based decision table of American Eular Consensus Group criteria (AECG) for primary Sjogren syndrome (pSS); combination of oral symptoms, ophthalmic symptoms, Schirmer test without analgesic,
unstimulated whole salivary flow rate and minor salivary gland biopsy and their potential overlap with its secondary Sjégren syndrome (sSS) criteria (25)

Possible scenarios  Oral'  Ophthalmic>  Serology’  Schirmer* USWSFR® MSGB® Met rule: Potential overlap with AECG - defined sSS
4/6, 3 objective/ No pSS (assuming existence of another CTD)
(sSS, m.sSS: may be sSS if MSGB+, or No sSS)

25 + + + No Need 3 Objectives No sSS
3 Objectives No sSS

26 + + - Mandat
andatory No pSS No sSS
27 N ) n Mandatory 3 Objectives No sSS
) B - No pSS No sSS
28 + - - No Need No pSS No sSS
29 ) . . Mandatory + 3 Objectives No sSS
- No pSS No sSS
30 - + - No Need No pSS No sSS
31 - - + No Need No pSS No sSS
32 - - - No Need No pSS No sSS

1.0ral symptoms definition — Positive response to at least one of them including: a. Having a DAILY feeling of dry mouth for MORE THAN 3 MONTHS (not just feeling of dry mouth) b. FREQUENTLY drink liquids to aid in swallowing dry food
(not just sometimes drink liquids to aid in swallowing dry food), c. RECURRENTLY or PERSISTENTLY swollen salivary glands in ADULT, 2. Ophthalmic symptoms definition- Positive response to at least one of them including: a. Having DAILY,
PERSISTENT, TROUBLESOME dry eyes for MORE THAN 3 MONTHS (not only having dry eye), b. Having a RECURRENT sensation of sand or gravel in the eyes (not only having sensation of sand or gravel in eyes), ¢. Using tear substitutes AT
LEAST 4 TIMES A DAY (not only 3 times or less), 3. Serology: Positive anti Ro Ab and/or anti La Ab, 4. Schirmer: Schirmer test without analgesic, 5. USWSFR: Unstimulated whole salivary flow rate, 6. MSGB: Minor salivary gland biopsy.

Table 11. Scenarios based decision table of American Eular Consensus Group criteria (AECG) for secondary Sjogren syndrome (sSS); combination of oral symptoms, ophthalmic symptoms, Schirmer test without
analgesic, unstimulated whole salivary flow rate and minor salivary gland biopsy (25)

Possible scenarios' Schirmer? USWSFR® MSGB4 Met rule:
2 objectives / No sSS
1 + + No Need 2 Objectives
2 Objectives
2 R
+ Mandatory No sSS
2 Objectives
3 -
+ Mandatory No sSS
4 - - No Need No sSS

1.With assumption that the case has at least oral or ophthalmic symptom that are defined as: Oral symptoms definition — Positive response to at least one of them including: a. Having DAILY feeling of dry mouth for MORE THAN 3 MONTHS (not
just feeling of dry mouth) b. FREQUENTLY drink liquids to aid in swallowing dry food (not just sometimes drink liquids to aid in swallowing dry food), c. RECURRENTLY or PERSISTENTLY swollen salivary glands in ADULT. Ophthalmic
symptoms - Positive response to at least one of them including: a. Having DAILY, PERSISTENT, TROUBLESOME dry eyes for MORE THAN 3 MONTHS (not only having dry eye), b. Having a RECURRENT sensation of sand or gravel in the eyes
(not only having sensation of sand or gravel in eyes), c. Using tear substitutes AT LEAST 4 TIMES A DAY (not only 3 times or less), 2. Schirmer: Schirmer test without analgesic, 3. USWSFR: Unstimulated whole salivary flow rate,4. MSGB: Minor
salivary gland biopsy
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Table 12. Scenarios based decision table of ACR/EULAR criteria for primary Sjogren syndrome (pSS); combination of Schirmer test without analgesic, unstimulated whole salivary flow rate and minor salivary gland biopsy
(26)

Possible scenarios Anti Ro Ab Schirmer! USWSFR? MSGB3 Score when has met ACR/EULAR rule / No pSS

1 + + + No Need 5
2 + + - No Need 4
3 + - + No Need 4
4 + Mandat + 6

: : andatory - No pSS
+ 5

5 - + + Mandatory ) No pSS
+ 4

6 - + - Mandatory ) No pSS
+ 4

7 . . + Mandatory ) No pSS

8 - - No Need No pSS

1, Schirmer: Schirmer test without analgesic, 2.USWSFR: Unstimulated whole salivary flow rate,3.MSGB:Minor salivary gland biopsy

Table 13. Scenario based decision table of ACR criteria for Sjogren syndrome (SS); combination of Anti Ro Ab, Anti la Ab, Antinuclear Ab (immunofluorescence method), Rheumatoid Factor and minor salivary gland biopsy
results (27)

Possible scenarios Serology Score when has met ACR rule / No pSS
Anti Ro or La Ab FANA' and RF 2 MSGB®
+ 2
1 + No Need Mandatory ) No SS
+ Mandatory + 2
2 - Mandatory - No SS
B No Need No SS

1..FANA: Antinuclear Ab by immunofluorescence 2. RF: rheumatoid factor, 3. MSGB: Minor salivary gland biopsy
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Figure 3. IRAPSS Pathway for Labeling a Case as Sjogren Syndrome, Generated Using the FEH-RAG Framework

3. Only the AECG criteria, when used to classify a case
as pSS, lack a term of use and may therefore be employed
for pSS screening in epidemiological studies.

4. Only the AECG and the ACR can be used for the clas-
sification of a case as sSS.

5. The ACR/EULAR is used only for the classification of
cases as pSS.

6. For meeting the AECG, if either oral or ophthalmic
symptoms don't exist, three of four objective tests must be
positive.

7. Essentiality of using ESSDALI in clinicians’ clinical
routines: The ESSDAI has detailed standard definitions for
SS suggestive symptoms and signs.

8. Different excluding rules of the AECG, the ACR/EU-
LAR, and the ACR:

- Hepatitis C infection is an exclusion rule only for the
AECG and the ACR not for the ACR/EULAR. In the
ACR/EULAR, only if a patient has active hepatitis ¢, which
means having a positive polymerase chain reaction (PCR),
the SS will be excluded. For a case with infection of hepa-
titis C with negative PCR, we can only use the ACR/EU-
LAR.

- The existence of amyloidosis or IgG4-related discase
does not exclude the AECG.

- The existence of preexisting lymphoma does not ex-
clude the rules of the ACR/EULAR and the ACR.

- If a patient is taking an anticholinergic drug, dry eye,
dry mouth, Schirmer test, and unstimulated whole salivary
flow rate test (USWSFR) must be checked at least one day
after discontinuing it.

9. A positive HIV test does not exclude the rules of the
SSCC. ONLY acquired immunodeficiency disease syn-
drome is.

10. Positive ANA means ANA > 1/320 (immunofluores-
cence method). Positive ANA by the ELISA method has no
value in SS classification.

11. Positive Anti-La Ab has no role in the ACR/EULAR.

12. Positivity of ANA and RF has no weight in the
AECG and the ACR/EULAR.

13. In the ACR, positive ANA, if tested by the immuno-
fluorescence method, and if it is concomitant with positive
RF, is valuable for SS classification and vice versa.

14. Positive serology has no role in the classification of a
case as secondary SS by the AECG.

15. In an individual who has met the AECG pSS criteria
and also concurrently met another CTD criteria, it doesn't
necessarily mean that this case will meet the AECG sSS
criteria.

16. Trrespective of the presence of a concurrent CTD,
failure to meet at least one pSS criterion does not preclude
classification as sSS. According to the AECG, individuals
may still be classified as having sSS if they report oral
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and/or ocular symptoms in the context of an established
CTD.

17. A case without any positive serology and MSGB can
be a sSS case using the AECG.

18. For classification of a case as primary or secondary
SS by the ACR, positive anti-La Ab has a weight equal to
positive anti-Ro Ab.

19. Seronegative patients (defined as true negative Anti
Ro Ab, Anti La Ab, or negative FANA and RF) should not
be forgotten as potential SS cases.

20. +/- in the IRAPSS pathway indicates TRUE posi-
tive/negative results, emphasizing that positive/negative
test results should not be used for decision making. It is
crucial to ensure that the results are TRUE. Each test has
inherent limitations and should be performed using the
standardized method. For example, a negative anti-RO an-
tibody may be a FALSE negative due to a low titer of
ROS52, MSGB- may result from using an unstandardized
method for performing biopsy, or may be due to reporting
it inappropriately, and USWSFR — and Schirmer- may re-
sult from an unstandardized method applied to these tests.

21. To ensure standardized utilization of ESSDAI (28),
the USWSFR (29), the Schirmer test I without analgesic
(30), and the MSGB (31), their standard methods were pro-
vided in the IRAPSS pathway as QR codes.

This study provided a first demonstration of how the
FEH-RAG framework can be practically instantiated.

Discussion

In the real world, human and financial resources are in-
evitably constrained, limiting our capacity to reduce ad-
verse outcomes secondary to failed decision making (1, 32-
35). Most of these errors arise from a subset of modifiable
factors. Error mitigation does not require addressing all po-
tential sources of error, but rather selectively targeting key
ones (36, 37). The FEH-RAG framework focuses on the
misapplication of RS as a key modifiable contributor to RS-
governed decision errors. Such misapplication occurs not
only due to limited expertise in using RSs, but also because
of contextual pressures and cognitive load, even among us-
ers who are otherwise proficient. While the SSCC were de-
veloped for SS classification, not diagnosis, their frequent
use as de facto labeling standards in practice necessitates
their accurate application for mitigating the high rate of SS
mislabeling all around the world (12, 13, 15).

In this POC study, the FEH-RAG provided an adapted
foundation for improving the labeling of SS cases by sys-
tematically retrieving the most commonly applied SSCC. It
delivered not only the SSCC decision tables and a list of
their misinterpretations but also the corresponding adapted
IRAPSS pathway and its decision tables for use in clini-
cians’ daily clinical routines. These adapted outputs were
designed to be readily updated once an SSCC diagnostic
test becomes reliably available for routine clinical practice.

The list of the SSCC misinterpretations highlights a crit-
ical gap between the rules encoded in RSs and their real-
world application. This underscores the practical value of
simplified RS-based outputs, such as those provided for the
SSCC. (15, 28-31).

Although the 2023 Rome international consensus on
Sjogren nomenclature recommended replacing SS with
Sjogren disease and sSS with Sjogren disease associated
with another systemic autoimmune disease, in this POC
study, we used the terms used in the SSCC (38). These
terms will be updated in future versions once the corre-
sponding changes are implemented within the SSCC.

The human derived and machine readable outputs of the
FEH-RAG framework, as demonstrated for SS labeling in
this POC study, enable various stakeholders, including cli-
nicians, educators, regulatory bodies, and developers, to
implement the RS logics (i.e., the SSCC logic in this study)
with minimal reliance on real time consultation with over-
burdened experts, in both digital and non digital settings.

Artificial intelligence (AI) systems excel in automating
repetitive, well-defined tasks but remain limited in high-
stakes domains like medicine due to risks of opacity, hallu-
cination, and biased recommendations (7, 19, 22, 39-45). In
an era increasingly dominated by Als (46, 47), the FEH-
RAG emerges not as a competitor to these technologies but
as a necessary approach to provide a foundation for miti-
gating their limitations through corrective and complemen-
tary mechanisms (48-50).

Data-driven Als may require large volumes of datasets,
often need to cross institutional data sharing that may be
impractical, especially for rare diseases such as SS (45).
These datasets may overrepresent certain populations or
variables and be biased by systematic malpractices (such as
those occurring in SS labeling). The biases in datasets must
be approached. The adaptable FEH-RAG outputs can do
this task by providing decision logs for not only auditing
the quality of datasets but also ongoing oversight during a
domain-specific workflow. This includes flagging devia-
tions from RSs, enforcing guardrails, and enhancing the
overall quality of reasoning (7, 22, 33, 41, 48). The datasets
validated against reference standards (RSs) do more than
prevent Al from amplifying human errors. They enable not
only the discovery of new patterns in data but also provide
the empirical basis for the timely update of the RSs. FEH-
RAG outputs can be used both in data-driven Al systems
and as the core decision logic in non-data-driven, rule-
based Al systems.

Calibrating alarms in decision support systems (DSS),
both Al based and non-Al-based, is a challenge. The FEH-
RAG provides a list of real-world RS misinterpretations
that developers can use as key evidence for calibrating DSS
alarms.

In addition, during the 4" step (“Profiling the RS Items™)
of FEH-RAG, its outputs are customized to specific set-
tings, such as the labeling of SS cases in routine clinical
practice in this study. These tailored outputs can be used to
build an adapted DSS (51-58).

Although the framework demonstrates the potential ad-
vantages, it has limitations, detailed below.

Occurrence of stable disagreements is theoretically im-
probable because FEH-RAG relies on the objective appli-
cation of the RSs rather than primary evidence. However,
such disagreements can potentially occur, typically reflect-
ing differences in RS interpretation beyond textual
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ambiguities. To acknowledge this concern, methods for
managing such disagreements are being refined.

In this version of FEH-RAG, only the documentation of
a list of disagreements was mandatory; metadata such as
the frequency, severity, temporal patterns of disagree-
ments, and the specific disciplines responsible for each mis-
interpretation were not systematically documented. These
characteristics will be mandatory in the next version be-
cause they empower developers, educators, regulators, and
policymakers to design evidence-informed interventions.

In this POC study, systematic collection of cohort demo-
graphic and characteristics was not undertaken, as the pri-
mary objective of this FEH-RAG version was to generate
outputs intended for calibration against the source RSs.
Nevertheless, these data, particularly for cases in which
MALs stem from 2EU misinterpretations of the SSCC
(EUE) or from the source extraction errors (SEE), can pro-
vide more insight into the specific populations to whom the
application of RSs is particularly vulnerable to error. Ac-
cordingly, the refined FEH-RAG framework will mandate
the systematic collection and reporting of cohort demo-
graphic and characteristics specifically for MAL-associ-
ated cases attributable to EUE or SEE.

Although FEH-RAG was designed for scalability and
sustainability, evaluation of these properties, in both digital
and non-digital settings, is beyond the scope of this POC
study and will require future research.

Conclusion

This POC study established an actionable foundation for
improving SS case labeling in daily clinical practice across
both digital and non-digital settings. As shown here, pub-
lishing FEH-RAG outputs while highlighting potential RS
misinterpretations offers a transparent and traceable basis
for augmenting decision-making in domains governed by
RSs.
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