Development of Scalable, Electronic Health Record (EHR)-Based Screening for Undiagnosed Systemic
Mastocytosis: PREDICT-SM
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Figure 2. Key predictors extracted from EHR data

Figure 5. Identification of patients with possible SM

Figure 6. SM screening and identification across 30 primary
care practices
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- The heterogeneity of phenotypic presentation coupled with the low specificity of symptoms spread Notes prediction models s = 0.04- . . o
across multiple organ systems can make diagnosing SM challenging.* Specifically, diagnosis can PCORnet, Patient-Centered Outcomes Research Network. \ ﬁ o . ¢
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- Earlier diag_nosis of SM could decrease SM-asso_Ciated symptoms, improve quality of life, and | World Health Organization (WHO) diagnostic and subclassification criteria for SM (Figure 3)° 585,111 ng_ 0027  o® e
deqregse silent secpndary organ damage. Adoption of electronic hgglth records (EHRS) along W'th » To inform model performance goals, we will perform qualitative interviews of clinical providers and Patients with 22 SM diagnostic codes (SM Dx code), elevated serum tryptase (Tryptase) and/or documented blood KIT D816V mutation (Documented blood KIT D816V .‘
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and artificial intelligence (Al) to clinical data from multiple health systems to learn how to identify . As expected, for many of the patients with possible SM. particularly those with only documentation | 0E 0

patients with rare diseases®?®

* Here we describe and report the initial findings of PREDICT-SM, a study that aims to develop a
pragmatic, accurate, and scalable approach to screen for undiagnosed SM by applying Al tools to
EHR data

Figure 3. WHO diagnostic and subclassification criteria for SM

of diagnosis codes, a diagnosis of SM was considered but either later excluded or not definitively Tryptase ordered (%)

established. We are currently reviewing these patients’ medical records to ascertain which actually
have been diagnosed with SM

» Demographics for the primary care cohort and patients with possible SM are shown in Table 1

» Across the largest 30 primary care practices, we compared the percentages of patients who had
tryptase measured and who met criteria for possible SM (Figure 6)

* There was considerable variability in the fraction of patients with tryptase measured

* The frequency of possible SM appeared similarly variable (median=0.021%; interquartile range,
0.016—0.038%) across sites

* The relationship between tryptase and possible SM frequencies across practices was weak
(R%=0.09; P=0.06)

Diagnosis of systemic mastocytosis per WHO criteria requires 1 major and 21 minor criterion or 23
minor criteria

Major criterion

Multifocal dense mast cells infiltrates (215 mast cells in aggregates) are detected in sections of bone marrow
and/or sections of other extracutaneous organ(s)

Table 1. Demographics for full EHR cohort

Study objectives

 PREDICT-SM comprises of 4 specific aims reflected in Figure 1

Minor criteria

In bone marrow biopsy sections or biopsy sections from other extracutaneous organs, >25% of the mast cells in the
infiltrate appear spindle-shaped or have atypical morphologic features; or >25% of all mast cells in bone

Non-SM controls Possible SM
(n=585,111) (n=263)

All patients

Characteristic, n (%) (N=585,374)

— Aim 1: |dentify patients with SM across multiple healthcare systems and describe their EHR data r;raezg\;vczss;?:]eai?f;s arii'r:?r?nitt:rt?ocr’]ri:%‘;Z?S(')Za;:e::grgfin e e g Aty Gender » It is currently unclear whether the absence of a strong relationship is due to the multiple indications
— Aim 2: Establish EHR prediction models for patients with undiagnosed SM blood. or another extracgtgneous organ J ’ Female 347,630 (39) 347,446 (39) 184 (70) for tryptase testing, the complexity of SM symptomatology, the multifactorial process of SM
— Aim 3: Prospectively evaluate single-site EHR prediction model for undiagnosed SM Mast cells in bone marrow, blood, or other extracutaneous organ(s) aberrantly express at least 1 of CD2, CD25, ItJ/IalI(e 237é72<51 (41) 237é64<71 (41) r8 (()30) evaluations, or the preliminary SM cohort that contains many patients who have SM diagnosis
— Aim 4: Prospectively evaluate multi-site prediction model for undiagnosed SM and/or CD30 (confirmed by either flow cytometry or immunohistochemistry) " nqwn (<1) (<1) codes but not SM
Serum total tryptase persistently >20 ng/mL (if the patient has an associated myeloid neoplasm, this parameter is not valid) Non-binary 17 (<1) 16 (<1) 1(<1)
2Any KIT mutation where published solid evidence for its transforming behavior is available. Race S u m m a
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Black 111,539 (19) 111,527 (19) 12 (5)
Retrospectively and systematically identify patients diagnosed with SM, examine Multiple 5,368 (1) 5,362 (1) 6 (2) * This study highlighted the importance of the need to address observed demographic biases In
EHR data features that are associated with a future SM diagnosis and,describe Native Hawalian or other Pacific Islander o84 (<1) o84 (<1) 0 patients diagnosed with SM to ensure equity of trained prediction models
variability of and gaps in current SM screening practices - In preliminary analyses of adult patients (age =18 years) from Penn Medicine as of January 1, \L/JV”h'?{‘e"W” 38:1))’8;; Eg)ﬂ 3 9521 %153 ((%)7) . ;; g)?) * There was considerable variability in how often tryptase testing was performed, but this variability
2022 (N=3,993,604), we identified a longitudinal ambulatory cohort (N=585,374) with 25 outpatient Ethnicity ’ | olfo npt appear to translate into large differences in the frequency of SM diagnosis across
Use findings from Aim 1 to construct single- and multi-site EHR encounters including 22 encounters at a single primary care, dermatology, gastroenterology, or Hispanic 20,437 (3) 20,430 (3) 7 (3) Practice SIS | | | | | |
prediction models for identifying patients with undiagnosed SM allergy/immunology practice between 2012 and 2021 (Figure 4) Non-Hispanic 557,310 (95) 557,056 (95) 254 (97) * Preliminary findings suggest there is potentially a substantial set of patients with SM from which
Unknown 7,627 (1) 7,625 (1) 2 (1) to learn an EHR prediction model, which has the potential to detect SM-associated symptoms
Figure 4 Penn Medicine Study patients Insurance . earlier, support providers in diagnosis of SM, and ultimately decrease SM morbidity and mortality
Evaluate single-site prediction model in single-site prospective observational study ﬁi:%i?'f;re 2671é403050((1 407)) 26717’480551 ((1 407)) 1109((57)) * Preliminary findings suggest underutilization of high-sensitivity peripheral blood mutational
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» Data will be collected for patients who were 218 years of age as of January 1, 2022, and had Possible SM cohort
outpatient encounters in primary care, dermatology, emergency, gastroenterology, or N=263
allergy/immunology clinics at least every 2 years on average

 EHR data features potentially associated with undiagnosed SM will be extracted from among
a broad sampling of demographic information, diagnosis codes, problem lists, procedures,
encounters with specialists, medications prescribed, laboratory test orders and results, and
SM-associated symptoms and symptoms extracted from notes (Figure 2)
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Cl, confidence interval.

* The possible SM cohort had a 1.9-fold higher median tryptase concentration, consistent with a
mixture of both patients with SM and patients evaluated for SM but found to be unaffected

* As compared to the remainder of the longitudinal care cohort, patients in the possible SM cohort
were more likely identified as female (odds ratio [OR]=1.6; P=4x10~*) and white (OR=3.3; P=2x10""3)
(Table 1) patients

* The possible SM cohort included 263 patients, including 258 with 22 SM diagnosis codes
(ICD10 D47.0%), 93 with documentation of tryptase 220 ng/mL or tryptase above assay upper reference
limit and an SM diagnosis code, and 12 with documentation of a blood K/T D816V mutation (Figure 5)

» Blood KIT mutation testing was infrequently identified across this time period
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