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.  EXECUTIVE SUMMARY

A. OVERVIEW OF PROJECT

The FDA Mini-Sentinel project is a prototype for the Sentinel initiative that is conceptualized as a nation-
wide medical product safety surveillance system. By applying validated algorithms for adverse
events/health outcomes of interest (HOI) to individual patient data, new or existing cases of such HOIs
can be detected. Central to this approach is the need to be able to apply algorithms that can accurately
identify HOIs based on the available data elements, e.g., International Classification of Disease (ICD)
codes. One approach to validating such algorithms is to go to the source medical records of patients to
confirm the diagnosis/HOI. However, because of the costly and time-consuming resource requirements
for validation of algorithms with medical records, a Mini-Sentinel activity that investigated alternative
methods for validating HOIs was proposed. The purpose of this Mini-Sentinel workgroup (WG) activity
was to identify HOIs for which there is an alternative electronic data source for confirming cases (such as
a patient registry) that could be linked to the Mini-Sentinel Distributed Database (MSDD), and to
determine the feasibility of using that alternative source to validate an algorithm for the HOI in the
MSDD.

The WG developed a multi-step process that included HOI definition clarification, HOI categorization,
database searches, prioritization of HOIs in which an alternative data source exists and linkage may be
feasible, further investigation/verification of identified databases, and final recommendations for
consideration in phase Il. HOI definition clarification was the initial step taken to clarify the clinical
context of the HOI. Related HOIs were grouped into disease-based categories or themes, such as blood-
related disorders, to better facilitate development expertise on related databases and registries. The
literature on existing algorithms and their accuracy (particularly positive predictive value (PPV)) was
investigated and summarized, including evidence to support whether the published algorithm(s) were
considered sufficiently validated/accurate. Registries and alternative data sources were examined, and
feasibility of linkage to MSDD was evaluated. The potential to develop an algorithm for each HOI was
rated as: feasible; potentially feasible, unlikely or not feasible. In an iterative process with the FDA, a
priority list of HOIs was identified by further investigating the alternative data sources, and weighing
criteria such as linkability, cost, accessibility of the data, and overlap of patients with the MSDD. Phase Il
is a planned separate WG project to conduct a validation study using an alternative database to validate
an HOI(s) in the MSDD.

B. SUMMARY OF FINDINGS

A total of 99 HOIs were investigated in the project. Among the 99, 16 HOIs were deemed to have been
well-validated in previous studies (e.g., algorithms with a positive predictive values (PPVs) >0.70) such
that additional validation work (alternative or otherwise) was considered unnecessary. An additional 11
HOIs were not considered feasible for alternative validation, and an additional 27 HOlIs were considered
unlikely for alternative validation. In most cases HOls were determined to be not feasible or unlikely
because of lack of availability of alternative databases or because of major limitations with such
databases. Nevertheless, based on the WG’s initial review, the WG identified 45 HOIs as potentially
feasible or feasible for alternative database validation.

Mini-Sentinel Methods -1- Alternative Methods for Health
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The 45 feasible or potentially feasible HOIs included 10 “lab-based HOIs”. These were HOIs that could be

validated using laboratory results alone (i.e., the laboratory result represents the gold standard for

confirming cases). Among the remaining 35 potentially feasible and feasible HOIs were 17 cancer-

related HOIs. Again, the WG considered these to be highly feasible because of the clear availability of

linkable alternative databases. However, from a surveillance perspective the WG considered the cancer

HOlIs as a low priority for phase Il of this project. This was primarily because of the time lag between

exposure to a medication or other agent that may cause cancer, e.g., latency period, and the related

difficulty following patients for such long periods of time in administrative data such as MSDD.

The other 28 potentially feasible and feasible HOIs were ranked by FDA staff as low, medium, or high
priority with respect to surveillance importance with the intent that the WG concentrated its further
efforts on the highly ranked HOIs. Six HOIs were considered high priority - these included suicide, type 1
diabetes, hypertension crisis, pulmonary fibrosis, pulmonary hypertension and spontaneous abortion.

C. RECOMMENDATION FOR NEXT PHASE

The WG concluded that the best candidates for alternative validation in Phase Il were: 1) suicide, using
data from National Death Index as the alternative data source, and 2) type 1 diabetes, using the T1D
Exchange Registry as the alternative data source. Note that type 1 diabetes had a second data source —
the internal registries in Kaiser Permanente Northern California and Health Partners - which were
considered a very good option (but not better than the T1D exchange). Next, the WG considered
hypertensive crisis, using data from the Health Maintenance Organization Research Network
Hypertension Registry, to be a very good candidate for alternative validation. Last, pulmonary
hypertension, using the Registry to Evaluate Early And Long-Term Pulmonary Artery Hypertension
Disease Management, was considered a good candidate for alternative validation.

The WG also determined that neither of the data sources identified for spontaneous abortion were
viable. These included the Fetal Death Dataset from the CDC National Center for Health Statistics and
National Children's Study. The former was determined to be not linkable and the later to have
insufficient participant enrollment. Finally, there was one HOl among the six for which the WG could not
retrieve sufficient information. That was the pulmonary fibrosis and the data source was the
Pennsylvania Idiopathic Pulmonary Fibrosis Registry.

In conclusion, the WG recommends that the FDA and Mini-Sentinel program consider suicide or type 1
diabetes for phase Il of this project. Hypertensive crisis and pulmonary hypertension could also be
considered. Finally, the 10 lab-based HOIs might also be reasonable for such validation.

Mini-Sentinel Methods -2- Alternative Methods for Health
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ABBREVIATION LIST

ADIC: Acute disseminated intravascular coagulation
AHTR: Acute hemolytic transfusion reaction

ALS: Amyotrophic lateral sclerosis

BMI: Body mass index

CBER: Center for Biologics Evaluation and Research
CDC: Centers for Disease Control Prevention

CRN VDW: The Cancer Research Network Virtual Data Warehouse
DP: Data Partner

EHR: Electronic health records

FDA: Food and Drug Administration

HDL: High-density lipoprotein

HOI: Health outcome of interest

IBD: Inflammatory bowel disease
ICD-9: The International Classification of Diseases, 9th Revision, Clinical
Modification

ITP: Idiopathic thrombocytopenic purpura

KP: Kaiser Permanente

LDL: Low-density lipoprotein

MSCDM: Mini-Sentinel Common Data Model
MSDD: Mini-Sentinel Distributed Database

NDI: National Death Index

NMS: Neuroleptic malignant syndrome

NPCR: National Program of Cancer Registries
OMOP: Observational Medical Outcomes Partnership
OPTN: Organ Procurement and Transplantation Network
PML: Progressive multifocal leukoencephalopathy
PPV: positive predictive value

SEER: Surveillance, Epidemiology and End Results
SJS: Stevens-Johnson Syndrome

SLE: Systemic lupus erythematosus

T3: Triiodothyronine

T4: Thyroxine

TG: Triglycerides

TRALI: Transfusion-related acute lung injury

TSH: Thyroid stimulating hormone

TTP: Thrombotic thrombocytopenic purpura

US: United States

WG: Workgroup
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lll.  INTRODUCTION

A. BACKGROUND

The FDA Mini-Sentinel project is a prototype for the Sentinel initiative that is conceptualized as a nation-
wide medical product safety surveillance system. By applying validated algorithms for adverse
events/health outcomes of interest (HOI) to individual patient data, new or existing cases or such HOls
can be detected. Central to this approach is the need to be able to apply algorithms that can accurately
identify HOIs based on the available data elements, e.g., International Classification of Disease (ICD)
codes.

Accurate identification of HOIs can pose problems in studies of electronic databases, including the Mini-
Sentinel Distributed Database (MSDD), that rely on ICD codes, or combinations of ICD codes and other
variables (i.e., algorithms) in the data. If these algorithms have low sensitivity or specificity, then
significant misclassification of cases can occur. To avoid this, investigators use algorithms that have been
previously validated against full-text medical record review as the “gold standard.”*** While many
algorithms have been validated in this manner, not all have. Furthermore, some validated algorithms are
based on data, populations, or exposures that are too different from the MSDD to be useful for the
Mini-Sentinel program.

Although Mini-Sentinel has previously conducted HOI algorithm validation against medical records, this
process is very resource intensive, both in terms of time and money. Because of the resource
requirements for validation via medical records, alternative methods for validating outcomes of interest
need to be explored. An alternative to costly and time-consuming medical records validation is the use
of an electronic database that contains true cases of an HOI and that can be linked to MSDD (referred to
as “alternative validation” hereafter) for validation of an algorithm. Some examples of possible alternate
databases that could be used instead of medical records for certain HOIs include patient registries or
clinical databases.

Figure 1 depicts the process of alternative validation. The alternative database would be linked to the
MSDD. Information contained in the alternative database would serve as the gold standard for presence
of the HOI. A set of variables in the MSDD would then be used to construct an algorithm that identifies
the occurrence of the HOL. For the sample of patients linked in both databases, the ability of the
algorithm to accurately identify patients with the HOI could be assessed. Once the algorithm is validated
in this manner, it could then be used for HOI identification in the full MSDD.

There are a number of examples of such alternative methods in the literature. In 2007, Setoguchi and
others® described use of the Pennsylvania State Cancer Registry data to calculate the sensitivity,
specificity, and positive predictive values (PPV) of an algorithm for identifying lymphoma in Medicare
claims by linking the two datasets. Registry data such as this may exist for other HOIs and seems to be
the most obvious example of linked HOI validation. In fact the Surveillance, Epidemiology and End
Results (SEER) cancer registry has been used in a number of published validation studies.***’

Mini-Sentinel Methods -4 - Alternative Methods for Health
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Alternative Database MSDD
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Figure 1. Diagram of linked HOI alternative validation process

In another example, Yuan and colleagues® used hospital discharge records as a reference standard to
calculate the sensitivity and specificity of diagnoses of atrial fibrillation based on codes in the Health
Care Financing Administration Medicare Part A Hospital Discharge Database. Similarly, Coyte et al.”
used a claims database — the Ontario Health Insurance physician fee service claims database (which
distinguishes between primary and revision knee replacements) — to calculate the sensitivity and
specificity of an algorithm in the Canadian Institute for Health Information Abstract Master File, held by
the Ontario Ministry of Health. A paper by Jollis and others*® described use of existing clinical database
data collected from standardized data forms at the Duke Databank for Cardiovascular Disease to
calculate the sensitivity and specificity of ICD-9 code claims-based diagnoses.

It is clear that Mini-Sentinel surveillance activities could benefit from establishing alternative approaches
to validation of HOI algorithms in the MSDD to identify true cases in the absence of source record
validation. However, it is unlikely that every HOI will have an alternative data source that can serve as a
linkable reference standard to MSDD. For example, patient registries may serve as a useful reference
standard for certain HOIs but may not exist for others. At present, it is unclear which HOIs are amenable
to this alternative validation approach and what electronic databases might exist that can be used for
which HOls.

B. OBIJECTIVE

The purpose of this Mini-Sentinel activity was to: 1) identify HOIs for which there is an alternative
reference standard (such as registry data) that could be linked to the MSDD; and, 2) determine the
feasibility of using that alternative reference standard to validate an algorithm for the HOI in the MSDD.

o SCOPE

The scope of the current proposal was limited to the objectives above (Phase I). However, conditional on
the results and recommendations of Phase 1, a second set of objectives might be pursued (Phase Il) with
the intent of performing an alternative validation study for an HOI(s) determined to have an appropriate
alternative reference standard.

Alternative Methods for Health
Outcomes of Interest Validation
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IV. METHODS

In order to accomplish the objectives described above the workgroup (WG) conducted a multi-step
process that included HOI definition clarification, HOI categorization, database searches, prioritization of
HOIs in which an alternative data source exists and linkage may be feasible, further
investigation/verification of identified databases, and final recommendations for consideration in phase
Il. These are further described as steps 1-6 below. Prior to initiation, the WG, with the help of the Mini-
Sentinel Operation Center, fully informed itself on the specifications of the Mini-Sentinel Common Data
Model and Distributed Database.

A.  STEP 1: CLARIFICATION OF HOI DEFINITION

A list containing 84 HOIs was provided by FDA to the WG (Table 1). The first step was to clarify the
similarities between different HOIs (e.g., “colitis ischemic” and “ischemic colitis needing surgery”) as
well as subtypes of HOIs (e.g., cancer or transfusion/graft infections) in the list provided by the FDA. The
WG discussed with the FDA the surveillance perspectives and clinical issues associated with each HOI,
and then made adjustments of the HOI list by combining or separating HOIs and/or HOI subtypes as
appropriate.

B. STEP 2: CATEGORIZATION OF HOI

The WG originally proposed to group HOIs into categories that related to specific organ system(s),
syndromes or diseases, and/or drug or drug classes. The WG believed that the categorization approach
would be helpful in identifying registries and other alternative linkable electronic data sources for
validating HOI algorithms in the MSDD. However, based on WG discussions with FDA, it was determined
that only the categorization by organ system was necessary. The WG therefore categorized the HOls into
organ systems using standard medical references and then reviewed and approved these with FDA.

C.  STEP 3: SEARCH FOR ALTERNATIVE DATA SOURCE

Registries and other alternative linkable electronic data sources that might have potential to be used for
validating HOI algorithms in MSDD were identified in Step 3. There were four sub-parts to this process,
described below.

1. Literature Review for Previous Validation Studies

Prior to searching for alternative data sources, the WG first sought evidence of previous validation
studies and eliminated those HOIs for which algorithms had already been well validated. Specifically,
members of the WG read the systematic reviews of validation studies published in
Pharmacoepidemiology and Drug Safety by the Mini-Sentinel Protocol Core, as well as those by the
Observational Medical Outcomes Partnership (OMOP). Unpublished work from FDA Center for Biologics
Evaluation and Research (CBER) and internal reports from FDA Protocol Core were also reviewed. The
WG also conducted literature searches in PubMed using appropriate terms such as “validation,”
“algorithm,” “sensitivity,” “positive predict value,” plus HOI-specific terms (i.e., various terms for the

” u
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Table 1 List of 84 HOIs provided by FDA

Acute disseminated encephalomyelitis Kawasaki disease

Acute hemolytic transfusion reaction Lactic acidosis

Acute respiratory failure Lymphoma

Agranulocytosis Mania/Bipolar

Amyotrophic lateral sclerosis Menarche

Aplastic anemia Menopause

Arterial thrombosis Myocarditis

Atrial fibrillation Narcolepsy

Autoimmunity — Consider subtypes Neuroleptic malignant syndrome
Bell’s palsy Obesity

Birth defects Optic neuritits

Blindness Pancytopenia

Brachial neuritis Pericarditis

Bronchospasm Progressive multifocal leukoencephalopathy
Cancer (including subtypes) Pneumonia

Chronic renal failure Post-transfusion allergic reaction
Cirrhosis Premature delivery

Colitis ischemic Pulmonary fibrosis

Congenital anomalies Pulmonary hypertension

Deafness Rhabdomyolysis

Depression Schizophrenia

Disseminated intravascular coagulation Serotonin syndrome

Dyslipidemias Spontaneous abortion

Endotoxic shock Stevens-Johnson Syndrome
Erythema multiforme Stillbirth

Febrile seizures Sudden death

Guillain-Barre syndrome Suicide

Hemmorhagic stroke Systemic lupus erythematosus
Hemolysis Tendonopathies

Hemolytic anemia Thrombotic thrombocytopenic purpura
Henoch-Schonlein purpura Tics

Hip fracture Torsades de pointes

Histoplasmosis Transfusion ABO incompatibility reactions
Hyper/hypothyroidism Transfusion sepsis

Hyperglycemia Transfusion/Graft infections
Hypertensive crisis Transfusion-related acute lung injury
Hypoglycemia Transverse myelitis

Idiopathic thrombocytopenic purpura Tuberculosis

Inflammatory bowel disease Type 1 diabetes

Intussusception Uveitis

Ischemic colitis needing surgery Valvulopathy

Juvenile rheumatoid arthritis Ventricular fibrillation

Mini-Sentinel Methods -7- Alternative Methods for Health

Outcomes of Interest Validation



N[ini-Sentinel’

L

HOI or related clinical conditions) to identify validation studies for individual HOls. The WG considered

an HOI to be already well-validated if a previous validation study was identified in which: 1) the PPV

exceeded 70%” and 2) the population was considered generalizable to MSDD. If an HOI was considered

well-validated, then it was removed from the HOI list for further investigation. Thus, the search for

alternative data sources focused on those HOIs without sufficient evidence of previously validated

algorithms.

2. Search for Registries, Electronic Medical Records or Databases

The WG conducted a comprehensive search of health care databases. This included registries, data
repositories, and other patient-level health data sources. The WG began by targeting websites that
provide a listing of health care databases or registries. For example, the Agency for Healthcare Research
and Quality Registry of Patient Registries (https://patientregistry.ahrqg.gov/), and the “B.R.I.D.G.E to
Data” listing of health care databases (http://www.bridgetodata.org/Database-ProfileListing). Next, like
the literature search described above, the WG used a combination of search terms including terms
referring to both the HOI itself (i.e., various terms for the HOI or related clinical conditions) and to
databases (e.g., “registry,” “database,” “claims data,” “electronic medical record”) to conduct individual
searches for literature describing or using a potentially applicable alternative data sources. This was
done primarily using PubMed. Any articles that referred to a database were then reviewed and the
database identified was investigated further.

”n u

The WG also searched the internet for alternative databases using major search engines (Google,
GoogleScholar). Several federal websites (e.g., Center for Disease Control Prevention [CDC], FDA or
ClinicalTrials.gov) were also routinely used. The WG also searched websites of professional/medical
associations/societies and advocacy groups related to each HOI. These often contained linked to other
research-related resources, including registries. Generally, the WG focused only on US-based studies,
databases, or registries for inclusion as the potential alternative data sources.

In addition to internet searches, the WG contacted individuals and organizations to identify potential
linkable databases. This primarily involved individuals connected to the Mini-Sentinel program, including
Mini-Sentinel Data Partners, Mini-Sentinel investigators, and members of the Mini-Sentinel Data Core,
Protocol Core, and Planning Board. The WG also sought information on if health provider organizations
that contribute to MSDD had other electronic databases or internal registries that might be linkable to
MSDD for HOI validation. The WG conducted a survey of the Mini-Sentinel Planning Board for this
purpose.

Part of the effort included contacting data vendors that owned or controlled multiple databases, such as
IMS Health, Thomson Reuters, and others. While most databases were likely identified in the internet
search, the WG also contacted these companies to be sure that none were excluded that might be
useful for the purposes of validating HOlIs. The WG also attempted to contact and get information from
data brokers. Data brokers do not own databases but sell services to help investigators gain access to
these. As such, these individuals/organizations are very knowledgeable about both what databases are
available and the contents of the databases. An example of a data broker is Health Data Services
Corporation (http://www.hdscorp.biz/).

Mini-Sentinel Methods -8- Alternative Methods for Health
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For each HOI, the WG documented the characteristics of each alternative data source identified in a
detailed spreadsheet. The information included the name, data source type (registry/electronic medical
records/claims database), brief description of the data source, patient population included, start date of
the database/registries, estimated number of participants, variable(s) or method(s) used to confirm

cases (gold standard) in the data source, region covered (national/regional/local), other comments,

contact information and the website links for the data source.

3. Evaluation/Summary

Based on the search results and other considerations of the feasibility of the particular HOI for this
alternative method of validation, the WG summarized the alternative data sources found and made
initial recommendations for the HOIs. Specifically, for each HOI the WG wrote a summary document
(Appendix A) that included information about previous validation studies, a summary of the available
alternative data sources, possible issues when using alternative methods for validation for this HOI, and

n u

an initial recommendation. Recommendations included the categories of “feasible”, “potentially
feasible”, “unlikely”, or “not feasible”. For those in the not feasible group no alternative data source was
found. The unlikely category indicated that a high degree of difficulty exists for validation purposes,
even though some databases/registries were identified. For example, previous validation studies failed
to identify appropriate algorithms for the HOls, or the prevalence of the HOI is very low. For those in the
potentially feasible group, some alternative data sources were identified but further investigation was
considered necessary — such as a better understanding of if the database could be linked to MSDD,
number of cases in the database, or if there is sufficient overlap of patients between the database and
MSDD. The HOIs that were classified in the feasible group were believed to have the highest probability

to be validated via an alternative data source because of the existence of promising databases/registries.

During this process the WG determined that some HOlIs could be validated using lab-based data/results
and those were separately identified as such in the results. The lab-based HOIs had laboratory values as
their gold standard in clinical diagnosis - such as the lipid profile for dyslipidemias, or absolute
neutrophil count for agranulocytosis.

4. Workgroup Discussion and Consensus

The WG presented the summary documents and the detailed spreadsheets for each HOI during biweekly
conference calls with the FDA and the Mini-Sentinel Operation Center. The findings, process of
evaluation, and the rationale of the initial recommendations were discussed. During these calls FDA
input was sought and changes made to the initial recommendation for each HOI as appropriate.

D.  STEP 4: PRIORITIZATION OF HOI

Step 4 involved prioritization of the HOIs that were initially rated as feasible or potentially feasible,
including those that were lab-based, for alternative validation. This prioritization was considered
necessary in order to narrow the list of HOIs that were to be investigated further. Several criteria were
considered: 1) the importance to FDA from the perspective of surveillance; 2) the degree to which the
alternative database was likely to overlap with MSDD in terms of patients/population - i.e., is it likely or
unlikely that there will be patients common to both (for example databases/registries with a national
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catchment area are more likely to have patients in common with MSDD, regional catchment may

depend on area of the country); 3) the overall prevalence of the event (HOI) in the general population;

4) the number of cases in the alternative data source; 5) the degree to which previous validation studies

are not generalizable (implies a gap in the evidence); 6) the confidence in the accuracy of the case

definition used in the alternative database; and 7) the existence of a registry for the HOIl maintained by

one of the Mini-Sentinel Data Partners (considered to improve accessibility). After discussion with the

FDA, the WG determined the top six HOIs for further investigation (i.e., Step 5).

E.  STEP 5: VERIFICATION OF ALTERNATIVE DATA FOR HIGHLY RANKED HOI

For highly ranked HOIs identified in Step 4, the WG sought additional information by attempting to
directly contact the registries/data sources to further investigate the feasibility of using them for
alternative validation. Four additional criteria were used in evaluating the feasibility. These are 1) the
degree to which the alternative data source(s) contained necessary variables for linking to the MSDD; 2)
the degree of accessibility and availability of the alternative data source; 3) the degree of complexity of
the process for data acquisition and 4) the cost of the alternative data sources. Other considerations
described in Step 4 were also confirmed with the data owners.

F. STEP 6: FINAL RECOMMENDATION FOR PHASE II

The findings of Step 5 were discussed with the FDA and final recommendations were made by the WG
for phase II.
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V. RESULTS

A. HOI DEFINITION CLARIFICATION

Based on discussion with the FDA, adjustments were made to the original HOI list based on the focus on
surveillance within the Mini-Sentinel program and different clinical issues associated with some of the
HOIs (Table 2Table 2).

Some HOIs which were considered too broad were separated into multiple HOIs because of different
pathologies of the adverse events or other reasons. For example, “hyper/hypothyroidism” was split into
hyperthyroidism and hypothyroidism. The HOI “transfusion/graft infection” was split into transfusion
infection, tissue graft infection, and solid organ transplant infection. “Cancer” was listed in the original
list of HOIs, but the WG agreed to investigate both a general cancer HOI as well as specific site cancers,
including anal cancer, bladder cancer, brain/other central nervous system cancer, breast cancer, cervix
and uteri cancer, colon and rectal cancer, esophageal cancer, kidney and renal pelvic cancer, leukemia,
liver cancer, lung cancer, lymphoma, melanoma, myeloma, pancreatic cancer, prostate cancer, and
thyroid cancer.

On the other hand, some HOIs were combined because they were considered similar or otherwise
unable to be differentiated with respect to this project. This included “hemolysis” and “hemolytic
anemia”, which were combined into a single HOI. Similarly, “transfusion ABO incompatibility reactions”
and “acute hemolytic tran