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ABSTRACT
Hairy cell leukemia (HCL) is a rare lymphoproliferative disorder, comprising only 2% of all leuke-
mias. The Hairy Cell Leukemia Foundation (HCLF) has developed a patient data registry to
enable investigators to better study the clinical features, treatment outcomes, and complications
of patients with HCL. This system utilizes a centralized registry architecture. Patients are enrolled
at HCL Centers of Excellence (COE) or via a web-based portal. All data are de-identified, which
reduces regulatory burden and increases opportunities for data access and re-use. To date, 579
patients have been enrolled in the registry. Efforts are underway to engage additional COE’s to
expand access to patients across the globe. This international PDR will enable researchers to
study outcomes in HCL in ways not previously possible due to the rarity of the disease and will
serve as a platform for future prospective research.
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Hairy cell leukemia

Hairy cell leukemia (HCL) is a rare, chronic B-cell leuke-
mia that was initially described as a unique clinical
entity by Dr. Bertha Bouroncle et al. [1]. Originally
called leukemic reticuloendotheliosis, HCL was associ-
ated with short overall survival (OS) and had inad-
equate therapeutic options [2]. Initially, HCL was
thought to be a single homogenous disease. However,
in 2016, the World Health Organization differentiated
two distinct entities. Classic HCL (cHCL) demonstrates
a unique immunophenotype and almost always carries
the BRAFV600E mutation [3], whereas variant HCL
(vHCL) demonstrates several distinctive morphologic
and immunophenotypic features, and the BRAFV600E
mutation is absent though activating mutations in the
downstream kinase MAP2K1 may be seen [4]. Patients
with cHCL typically present with fatigue, pancytopenia,
splenomegaly, and a greatly increased risk for infec-
tion, which is the leading cause of serious morbidity
[5]. Patients with vHCL frequently present with a
malignant lymphocytosis in addition to the pancyto-
penia, and exhibit a more aggressive clinical course
with inferior responses to chemotherapy. Since their
initial discovery, enormous progress has been made in
the understanding of the treatment and biology of
these diseases [6]. Prior to the 1980s, treatment
options were limited primarily to splenectomy and the
projected median OS was only approximately 5 years.
With the discovery of purine nucleoside analogs, the
overall response rates (ORRs) and complete response
(CR) rates in cHCL are now approximately 100% and
80–90%, respectively, and most patients can achieve
durable remissions. In fact, cHCL patients may now
experience a life expectancy approaching that of
unaffected age matched controls [6]. vHCL remains
difficult to treat, with shorter progression-free and OS
rates in comparison to cHCL [7].

Many important questions remain unanswered in
HCL. As patients are now living longer due to
improved therapeutic options, there is evidence that
at least 40% of patients with cHCL will eventually suf-
fer disease relapse and require additional treatment.
Patients with vHCL have a higher relapse rate, with
shorter duration of remissions. More research is
needed to elucidate outcomes in specific disease sub-
types, complications of the diseases and their thera-
pies, and other issues pertinent to patients such as
quality of life. Furthermore, risk stratification and dis-
ease staging have not been updated since 1982 [8],
prior to the introduction of highly effective therapies,
leaving patients and clinicians without meaningful
prognostic information. In order to derive meaningful

clinical conclusions regarding integral aspects of dis-
ease staging and management of these rare adult lym-
phoproliferative disorders, cooperation, and
collaboration are essential in defining important ques-
tions and collecting sufficient information in a large
cohort of patients.

The conduct of clinical and translational studies
requires access to high quality longitudinal data, often
derived from a significant number of representative
patients. In most instances, such data and resources
are collected, formalized, stored, and retrieved using
study-specific and localized data repositories.
Unfortunately, in rare diseases such as HCL, the avail-
ability of these types of resources is greatly limited
due to the low numbers of patients seen at any single
institution [9]. It is difficult to conduct impactful clin-
ical research for a rare disease at a single center.
Instead, it is essential to cooperate and collaborate
across multiple institutions to develop and execute
successful clinical studies. In 2008, following a meeting
to discuss potential advances in the management of
HCL, an international consortium of recognized
experts was formed to drive advances in the field. The
collective effort of these experts ultimately merged
into an existing patient-based organization, the Hairy
Cell Leukemia Foundation (HCLF) [10]. As a result of
inquiries submitted via the Foundation’s web portal
regarding requests for information related to highly
relevant yet unanswered questions, the Foundation
developed a patient data registry that could provide
access to high quality, disease-specific data to advance
clinical and translational research in HCL. The database
was carefully constructed with input from experts in
the field to ensure inclusion of all relevant disease-
specific elements. The final database captures patient
demographics, including family history, chemical and
radiation exposure, clinical data such as comorbidities,
pathology reports, immunophenotyping, genetic test-
ing and hematology, as well as information on disease
treatment and outcome, including complications
(Figure 1).

Constructing the international HCL patient
data registry

Rare disease research requires the collaboration of
multiple organizations which combine their research
grade data. However, such data sharing presents
numerous regulatory, technical, operational, and legal
obstacles. These obstacles are particularly challenging
when collaborators may not have control over data
access and use. Federated data registries, in which a
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Figure 1. The web-based manual data entry portal (MDE) facilitates entry of information from source documents including path-
ology reports. The MDE portal can be navigated based on two major tabs divided into patient history (A) and clinical history (B)
comprising the entire HCL-PDR data set.
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network of collaborators facilitates the exchange of
data among participating sites in an on-demand man-
ner while each institution stores and controls its own
local data, have proven to be a successful means of
enabling data sharing for clinical and translational
research [11–13]. Therefore, we initially chose a feder-
ated design for the HCL-PDR to allow for institutional
autonomy in IRB oversight and local management of
patient data, features which also facilitate international
collaboration. Under this system, participating institu-
tions uploaded patient data into local ‘staging’ data-
bases via both manual and automated extract-
transform-load (ETL) processes. ETL updates occurred
on a scheduled basis, allowing for prospective, longi-
tudinal data capture from each site’s electronic health
record (EHR). Part of the data were entered manually
at the time of study entry and thereafter annually or
when a study participant reported an event, such as a
new infection or signs of relapse. Data existing in pro-
gress notes and external primary source data were
entered manually in order to supplement the ETL pro-
cess (Figure 1). Thereafter, aggregate and de-identified
data were able to be queried and exchanged via the
use of a shared federated query processor (FQP) com-
municating with those ‘staging databases’ in a secure
and scalable manner, enabled via secure grid architec-
ture, all made accessible by a web-based query portal.
The federated model gave each institution the auton-
omy to obtain approval from its own Institutional
Review Board (IRB) to create and maintain the local
‘staging’ database (see Supplemental Data for a
detailed description of the original HCL-PDR
architecture).

However, despite the many theoretical advantages
of this system, it quickly became apparent that the
ETL component of the registry created enormous diffi-
culties with obtaining security agreements and data
sharing agreements, which significantly delayed the
on-boarding of new institutions to the registry proto-
col. These delays added to the expense of the project
and in addition the structure of the registry required a
third-party vendor to maintain the query portal. The
federated system also suffered many disadvantages on
the technical side. The heterogeneity in EHR models
across sites and lack of standardization in the map-
ping of clinical data elements to the registry database
made it difficult to query the registry data. To address
the lack of common data elements across sites, the
federated model required the development and
deployment of a manual data entry (MDE) portal at
each site. The burden for local IT resources made the
federated model infrastructure difficult to deploy and

maintain. Lastly, we identified that some sites inter-
ested in participating in the registry that did not have
a functional EHRs system and therefore were unable
to join. These issues prompted our group to recon-
sider the registry structure, and ultimately decided to
reconfigure the system to a centralized registry with
the inclusion of a MDE portal in order to enable any
institution to participate independent of an
EHR system.

Development of the revised HCL-PDR
centralized software platform

In collaboration with The Ohio State University
Wexner Medical Center (OSU) Department of
Biomedical Informatics (BMI) and Research Information
Technology, the existing federated system was revised
to a centralized platform consisting of a MDE portal,
an ETL process for automation of data collection (in
use only at OSU), and a query portal termed ‘Scarlet’
[14]. Scarlet is a secure data query portal developed
by the OSU BMI, software engineering team used for
disease-specific research registries (Figure 2). The MDE
portal only allows MDE; data are collected via web
forms, de-identified and stored in a structured query
language (SQL) server relational database (Figure 3).
Each participating site has a dedicated server hosting
the MDE application and its own SQL server dataset to
store de-identified data. Only authorized users can
authenticate and enter data at each site. Separate user
accounts are created for each site and authorized by
an administrator before data can be entered via the
MDE portal. Centralized identity management is per-
formed using OAuth2, an authentication and author-
ization framework that enables secure access to the
MDE application. OAuth2, which is an industry stand-
ard process, allows for seamless management of users
and applications. The data schema is a common data
model (CDM) based on OMOP (Observational Medical
Outcomes Partnership) definitions. Adhering to OMOP
CDM4 ensures that data from all sites are stored using
a common format. All infrastructure components are
physically hosted internally and protected by the
OSU’s enterprise firewall. OSU is the hub (centralized
model) for all software elements and thus streamlines
and facilitates the upgrades and maintenance of the
system. Also, OSU has the capacity to enter data via
both the manual and ETL mechanisms. The weekly
ETL process pulls data from OSU’s EHR and loads it
into the registry’s OMOP schema. The merge ETL pro-
cess extracts data from each of the site’s staging
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databases and consolidates into a single de-identified
data registry (Figure 4(A)).

Scarlet, the query portal, allows secure access to
the consolidated registry’s de-identified data. Query
operations are carried out using a web-portal interface
and query-construction wizard. The Scarlet query por-
tal is restricted to authorized users, and queries are
only performed once investigators have received steer-
ing committee approval for data acquisition.

Institutional registry participation and
data capture

Following registry software access approval and insti-
tutional attainment of regulatory approval, participat-
ing institutions can upload patient data into their
centralized password-protected staging databases. The
MDE data fields have been configured so that a rele-
vant data set can be captured as structured data
including diagnostic information such as pathology,
laboratory, and radiology results, clinical outcomes,
treatment, complications of treatment, comorbidities,
family and social history, occupational and exposure
history, and obstetric history can be entered in this
manner. In addition, narrative data may be more easily
entered vial the MDE portal rather than captured elec-
tronically (Figure 1). Thereafter, aggregate de-identi-
fied data may be queried. This model allows each
institution the option of either obtaining approval
from its own IRB or to cede reliance to a lead review-
ing IRB. This design additionally facilitates international

research as it allows each institution to follow its own
country’s regulatory guidelines.

Patient enrollment

Enrollment of patients is conducted in two ways.
Patients treated at a participating COE are consented
to the protocol during routine medical visits. Patients
in the U.S. who do not have access to a participating
site may enter the registry via the HCLF website
(www.hairycellleukemia.org), which includes the con-
tact information of a member of the research team
who will facilitate informed consent (Figure 4(A)).
Source data are then acquired by the research team
from the patient’s health care provider for upload into
the registry. The principal investigator at each partici-
pating site is responsible for maintaining the confiden-
tially coded information and the access to that
information. To date, 579 patients with HCL have been
consented and enrolled across three sites (Figure 4(B)).

Patient data de-identification

Given the sensitive nature of the data stored within
the registry, de-identification of patient data is essen-
tial for the secure storage of this information. Patient
data that enter the HCL-PDR at each site’s ‘staging
database’ is pre-processed using both automated and
human-mediated processes in order to remove any
HIPAA-defined unique identifiers (i.e. name, date of
birth, MRN, etc.) (Figure 5(A)). In addition, all dates are
subjected to a date-shifting process to obfuscate the

Figure 2. Scarlet query portal showing the fields that are available for query.
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original date but maintain the temporal intervals
between dates corresponding to the course of a
patient’s condition or care. During this process, each
patient is assigned a unique research identifier via a
secure, nonreversible mathematical transformation of
demographic data including initials and birthdate. As
the mathematical transformation is one-way, the
resulting unique ID cannot be reversed back to any
HIPAA-defined unique identifiers (Figure 5(B)).
However, each principal investigator maintains a key
in order to re-identify patients at their own site should
the need arise. This de-identification process was par-
tially adapted from Jacobson RS et al. [13].

Hairy cell leukemia patient data
registry network

The HCL-PDR project was initially launched at three
institutions: The Ohio State University (Columbus, OH),
The University of Rochester (Rochester, NY), and The

Royal Marsden Hospital (London, UK). Following imple-
mentation at each of these institutions, the protocol
was submitted for regulatory approval and activation
at The Peter MacCallum Cancer Center (Melbourne,
Australia), The University of New Mexico
(Albuquerque, NM), The University of Manitoba
(Winnipeg, Canada), and The University of
Southampton (Southampton, UK). The long-term goal
is to include all 29 Centers of Excellence (COE) for HCL
around the world, greatly enhancing the demographic
diversity of the stored data.

Data sharing and governance

All participating institutions are required to sign the
Participation Agreement with the HCLF and The Ohio
State University as the hosting site. The Participation
Agreement covers details of membership, the HCL
registry platform and procedures and responsibility of
storing, controlling and sharing the data, and includes
a Data Use Agreement which governs policies and
procedures for using the system.

The HCL-PDR Scientific Review Committee (SRC),
consisting of one representative from each participat-
ing COE, a designated representative from the HCLF
board of directors, as well as a patient representative,
oversees the policies and processes for operating the
registry. The SRC considers new data requests and
monitors the access and use data. Proposals are eval-
uated for scientific merit, responsible use of registry
resources, and alignment with HCLF goals and strat-
egies. Upon SRC approval of proposals and institu-
tional IRB approval, researchers may access de-
identified data from the HCL-PDR through the query
portal. This system ensures that all participating insti-
tutions are informed about requests to the HCL-PDR
and input into how their data are used.

Discussion and future goals of HCL-PDR

The HCL-PDR collaboration consists of institutions that
enroll patients on site, in addition to the option for
patients to enroll via the web portal from any US loca-
tion. There are five national and international sites cur-
rently undergoing the regulatory approval process.
The ultimate goal of this collaboration is for all 29 HCL
Foundation COE to achieve full participation. The HCL-
PDR contains 429 complete patient records, presenting
the opportunity to query a complete data set and
launch important studies in HCL that were not previ-
ously feasible. Of significant interest to the HCL com-
munity are projects examining the demographics and

Figure 3. HCL PDR architecture. In this architecture, each insti-
tution has a staging database hosted at OSU and has full con-
trol of its patients’ data. MDE: manual data entry; ETL:
extraction, transfer, and load process.
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characteristics of this rare disease in a global patient
population, and identifying important patterns and
trends in clinical practice. This prospectively collected,
longitudinal data may enable the detection of novel
predictors of outcome and survival, the definition of
disease subtypes and phenotypes, and characterization
of complications in the disease course of HCL that are
currently poorly understood.

There have been previous efforts to create data-
bases with medical information from patients living
with rare diseases. Examples include NORD’s Patient
registries, Orphanet, and ASCO’s Cancer-Linq [15–17].
The Registries for Rare Diseases project launched by
NORD is a US effort to collect data from all patients
living with rare diseases around the world, while
Orphanet has the same mission with an initial focus
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Figure 5. HCL-PDR data de-identification process. A schematic of the de-identification workflow is shown (A). The de-identification
process is demonstrated using a sample patient name and date of birth (B). Example of unique patient identifier generator pro-
cess. EHR: electronic health records; MDE: manual data entry; HCL: hairy cell leukemia; ETL: extraction, transfer, and load process.
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on European countries. Our registry is unique in that it
was developed by HCL patients in collaboration with
HCL experts from around the world in order to design
a database that would contain large number of varia-
bles known or suspected to influence HCL outcomes.
In addition, the registry architecture was designed to
accommodate structural alterations to capture of new
discoveries. To our knowledge, this is the first multi-
institutional HCL specific registry ever created.

This multi-institutional data registry can be used to
develop and implement studies with appropriate sam-
ple sizes, and a more diverse patient population for
these rare diseases, whereas single center registries
may be confounded by a lack of diversity in the
patient population, as well as a homogeneous
approach to treatment. Furthermore, our network
design allows patients who are not being seen at a
COE to enroll in the HCL-PDR via the HCLF website,
allowing us to evaluate possible differentiating factors
in the care and outcomes of patients who are being
treated in community care sites. The data from these
patients is housed at only one site, The Ohio State
University, constituting a centralized data cap-
ture mechanism.

While the federated model presented many innova-
tive achievements in registry development and utiliza-
tion, the drawbacks we encountered such as delays
due to institutional concerns regarding security con-
siderations around registry software deployment con-
necting the query portal to the EHR could not be
overcome despite concentrated efforts by all parties
involved. Therefore, we transitioned our project to a
centralized model, ensuring that all institutions are
ultimately able to participate and thereby enhancing
the reach of the registry project. Only de-identified
data from individual databases are accessed by the
Scarlet query portal. Although the data from partici-
pating institutions are stored in a centralized location,
each institution has its own password-protected stag-
ing databases and has direct control over identi-
fied data.

We believe that the architectural approach of the
HCL-PDR provides a novel and highly scalable model
for enabling data sharing in the context of a rare dis-
ease-focused consortium. With the infrastructure for
the HCL-PDR now in place, we are planning for the
incorporation of a multi-institutional biobank for HCL
patient samples in order to link novel molecular and
genetic findings to clinical data. In addition, a wide
range of parallel and future studies will be supported
by the HCL-PDR, including longitudinal quality of life
assessments, updates to diagnostic and risk

categorizations, and longitudinal assessments of treat-
ment outcomes and long-term complications. The
existence of such a resource vastly improves access to
research-grade data, helps to organize and inform the
community of clinicians and scientists, and serves as a
platform for the development of new clinical trials,
with the ultimate goal of improved patient outcomes.
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