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SUMMARY
Geographically dispersed patients, inconsistent treatment tracking, and limited infrastructure slow research
for many orphan diseases. We assess the feasibility of a patient-powered study design to overcome these
challenges for Castleman disease, a rare hematologic disorder. Here, we report initial results from the
ACCELERATE natural history registry. ACCELERATE includes a traditional physician-reported arm and a pa-
tient-powered arm, which enables patients to directly contribute medical data and biospecimens. This study
design enables successful enrollment, with the 5-year minimum enrollment goal being met in 2 years. A me-
dian of 683 clinical, laboratory, and imaging data elements are captured per patient in the patient-powered
arm compared with 37 in the physician-reported arm. These data reveal subgrouping characteristics, identify
off-label treatments, support treatment guidelines, and are used in 17 clinical and translational studies. This
feasibility study demonstrates that the direct-to-patient design is effective for collecting natural history data
and biospecimens, tracking therapies, and providing critical research infrastructure.
INTRODUCTION

Approximately 300,000,000 individuals worldwide are affected

by 1 of 7,000 rare diseases. Ninety-five percent of these diseases

do not have an approved treatment; the identification of effective

treatments for rare diseases therefore represents a major unmet
This is an open access article under the CC BY-N
medical need.1 Disease rarity, heterogeneity, fragmentation of

data and biospecimens, and treatment variability present chal-

lenges to understanding the natural history of rare diseases

and identifying new treatment strategies.2 Even when novel

drug targets are identified, drug development in rare diseases

is complicated by the high cost of research, long development
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times, and small number of patients accessible for clinical trials.3

Innovative strategies are urgently needed to understand rare dis-

ease biology and develop treatment options.

Although patient registries and longitudinal natural history

studies can be powerful tools for collecting data and bio-

specimens, improving disease understanding, and identifying

treatments in real-world settings, there are notable limitations.

Traditional natural history studies require physician investigators

at a select number of sites to enroll patients and extract clinical

data into a central study database. This approach enables the

extensive collection of high-quality data but restricts enrollment

to patients seen only at the few study sites. Alternatively, patient

registries typically involve direct patient self-enrollment and

contribution of data into a central online study database. This

approach enables efficient enrollment to yield amore statistically

powered research study, but the quality and amount of data

collected per patient are minimal. Innovative study designs are

needed to leverage the available data to gain meaningful and

clinically actionable insights for rare diseases.

Castleman disease (CD) describes a group of rare and poorly

understood disorders that have suffered from the above chal-

lenges. All CD patients have lymphadenopathy, sharing some

recurrent histologic alterations; however, there is substantial

variability in the number of enlarged lymph node regions, symp-

tomatology, and etiology.4 Unicentric CD (UCD) involves one re-

gion of enlarged lymph nodes and is usually asymptomatic.5

Multicentric CD (MCD) involves R2 regions of enlarged lymph

nodes and more severe symptoms, including constitutional

symptoms, systemic inflammation, cytopenias, and, in some

cases, can be associated with life-threatening multi-organ

dysfunction.5 MCD is subdivided based on etiology.6 Human

herpesvirus-8 (HHV-8)-associated MCD is a lymphoproliferative

disorder marked by proliferating HHV-8-infected plasmablasts

and associated expression of viral interleukin-6 (IL-6) caused

by uncontrolled HHV-8 infection. Polyneuropathy, organome-

galy, endocrinopathy, monoclonal gammopathy, and skin

changes (POEMS)-associated MCD is likely driven by a mono-

clonal plasma cell population,7,8 while idiopathic MCD (iMCD)

has an unknown etiology.9 Worldwide CD incidence is unknown,

but it is estimated that 6,500–7,600 patients are diagnosed in the

United States each year, �1,500 of whom are iMCD,10 which is

poorly understood. The underlying heterogeneity of the diseases

complicates the understanding of their natural history and

pathophysiology.

Treatment approaches and drug effectiveness vary by sub-

type and include surgical resection as well as many different

off-label drug treatments. Only one drug has received US Food

and Drug Administration (FDA) or European Medicines Agency

(EMA) approval to treat a subtype of CD. Siltuximab, a mono-

clonal antibody directed against human IL-6, is recommended

as a first-line therapy for iMCD; however, 50%–66% of patients

do not respond to treatment.8,11 Outcome data for off-label

drugs recommended for second- and third-line therapies in

iMCD are insufficient and the available results suggest limited ef-

ficacy.12 Investigation of existing treatments and identification of

novel therapies is therefore urgently needed.12 Furthermore,

treatment options for UCD, HHV-8-associated MCD, and

POEMS-associated MCD have not previously been systemati-
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cally collected, identified, and categorized; the real-world effec-

tiveness of the many off-label treatments is unknown.

In 2013, we set out to overcome the aforementioned enroll-

ment and data quality limitations by creating an innovative study

design to advance the understanding of the natural history, path-

ogenesis, and real-world treatment response of CD. After the

EMA imposed a post-approval measure to carry out a disease

registry of patients on siltuximab or siltuximab-eligible, we part-

nered with the manufacturers of siltuximab (Janssen Pharma-

ceuticals through 2018 and EUSA Pharma 2019 to present) to

build a registry that met both aims. We developed a prospective,

international, observational, web-based natural history registry

of pathology-confirmed CD of all subtypes that incorporates

the elements of a patient registry with a longitudinal natural his-

tory study. The primary objective of the study, referred to as the

ACCELERATE (Advancing Castleman Care with an Electronic

Longitudinal Registry, E-Repository, and Treatment/Effective-

ness research) natural history registry, is to collect real-world de-

mographic, clinical, laboratory, and outcomes data on patients

with CD.

Here, we report the methodology, feasibility, and initial results

of this innovative hybrid approach. We sought to address the

feasibility of this study design in regard to enrollment, site launch,

data collection and entry, patient representation, and applica-

bility to translational research. We demonstrate that this

approach is capable of generating data to address the stated

objectives and has been foundational to our clinical and transla-

tional CD research programs.

RESULTS

Approach
ACCELERATE was established through a collaborative partner-

ship between the Castleman Disease Collaborative Network

(CDCN), Janssen Pharmaceuticals, and the University of Penn-

sylvania (UPenn). UPenn serves as the regulatory study sponsor,

manages the central database, retains ownership of all study

data, and supports study infrastructure. Janssen Pharmaceuti-

cals served as the financial sponsor and provided advice in re-

gard to large-scale study design, safety tracking, regulatory

reports, and site management before transferring this role to

EUSA Pharma. The financial sponsor does not participate in

decisions related to study design, operations, or study execu-

tion. Before study launch, the CDCN engaged physicians, re-

searchers, and patients to assist with the development of

study questions and the online portal (http://www.cdcn.org/

accelerate). Since the launch, the CDCN has led recruitment ef-

forts directly to patients through social media, online forums, and

direct outreach.

We designed a two-arm approach, consisting of the patient-

powered arm (PPA), which operates out of UPenn, and the

physician-directed arm (PDA), which operates out of nine sites

in six European countries. In the PDA, all CD patients who are

treated by a given site physician are approached for enrollment

in the study, and the site physician confirms the existence of a

CD pathology report to meet inclusion criteria. Patients provide

written informed consent for the site study staff to extract their

medical data into the research database and to collect excess

http://www.cdcn.org/accelerate
http://www.cdcn.org/accelerate


Figure 1. ACCELERATE Operations in the

Patient-Powered Arm (PPA) and Physician-

Directed Arm (PDA)

In the PPA, patients consent electronically and

provide demographic data, at which point the

ACCELERATE Registry Team acquires and enters

the medical data into the database. Upon

completion, treatment regimen responses are as-

sessed and assigned, and the case is reviewed by

the principal investigator. See also Table S1 for

metrics on each step in the PPA process. In the

PDA, physicians approach patients for enrollment,

extract medical data, and assign treatment

regimen responses. PDA cases do not require

principal investigator review as they are assessed

directly by the treating physician. All of the cases

are then routed to the expert panel for review of the

diagnosis. Patients in both arms have the oppor-

tunity to complete quarterly patient-reported

outcome surveys.
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lymph node tissue for use in ACCELERATE. The site physician or

study staff complete the enrollment information, upload the CD

pathology report, and review and extract themedical data, which

is updated at each patient visit. The physician also assesses the

responses to all treatment regimens.

In the PPA, CD patients of all subtypes are encouraged to

directly enroll themselves via a web-based portal, in which

they electronically provide consent and Health Insurance

Portability and Accountability Act (HIPAA) authorization to

the ACCELERATE Registry Team (ART), as well as demo-

graphic and preliminary diagnosis information. In contrast to

most clinical research and due to the self-enrollment process,

patients consent to participate before inclusion criteria are

confirmed. Inclusion criteria are later confirmed when a pa-

thology report suggestive of CD is obtained. After the patient

consents to enrollment, the ART then contacts each institu-

tion that has provided the patient with CD-related care and

requests comprehensive patient medical records and radio-

logical images from the time of diagnosis. Existing excess

tissue is also collected for use in ACCELERATE, and, option-

ally, for use in additional translational research studies. A

trained data analyst manually reviews comprehensive medical

records for each case and extracts all data elements into the

central database. All data entry questions are reviewed

weekly by the ART and the decisions are captured in a study

manual. The analyst assesses the patient’s diagnosis subtype

and response to all treatment regimens. Each case is then re-

viewed with the study’s principal investigator (PI). Internal

auditing is performed on 10% of data extracted from a given

patient record for R25% of all patient records entered in the

PPA.

Retrospective data from the time of diagnosis through the time

of enrollment are collected for all of the patients. Prospective pa-
Cell Reports
tient reported outcome data collection

and ongoing medical data extraction

following enrollment are also performed.

Study duration is planned for a minimum
of 5 years. A diagram of the study design can be found in Figure 1

and further details can be found in the Method Details section.

Feasibility Assessment
We sought to compare our enrollment rate with our targeted

goals. Enrollment began in October 2016 for the PPA and in

December 2016 for the PDA. To meet the minimum patient

enrollment goal of 100 siltuximab-eligible or siltuximab-treated

patients set by the EMA, we targeted an average enrollment of

1.67 iMCD patients per month between the PPA and PDA. The

mean (SD) number of siltuximab-eligible patients enrolled per

month was 3.8 (2.09), with 143 iMCD siltuximab-eligible patients

enrolled to date. The 5-year EMA enrollment requirement was

achieved in �2 years, primarily driven by PPA enrollment. We

investigated whether the 9 PDA sites alone could have fulfilled

the EMA requirement for 100 siltuximab-eligible patients. After

40 months of enrollment in the PDA, 44 iMCD patients have

been enrolled. The rate of enrollment of iMCD patients from

the time the first site was in place up to the present is 1.13

patients per month, with a marginally increased rate of 1.21 pa-

tients per month after all of the sites opened for enrollment

(December 2018), which would have been short of the regulatory

requirement.

To meet our internal target of enrolling 500 CD patients of all

subtypes over 5 years, we targeted an average enrollment of

8.3 CD patients per month between the PPA (goal: 7.5) and

PDA (goal: 0.8). After 42months of open enrollment, 468 patients

had enrolled (PPA: 372, PDA: 96), and of those, 365 were

confirmed to meet inclusion criteria (PPA: 271, PDA: 94) (Figures

2A and 2B). The mean (SD) number of CD patients enrolled per

month was 9.1 (4.45) in the PPA and 2.5 (2.14) in the PDA, and

the mean (SD) number of CD patients confirmed to meet inclu-

sion criteria per month was 6.6 (4.34) in the PPA and 2.4 (2.05)
Medicine 1, 100158, December 22, 2020 3



Figure 2. Enrollment Trends in ACCELERATE

(A) The PPA is on trend tomeet its overall goal of enrolling n = 450 patients over

5 years. As of March 2020, n = 372 patients have consented in the PPA, with

n = 271 meeting inclusion criteria.

(B) The PDA has successfully met and exceeded its goal to enroll n = 50 pa-

tients over 5 years. As of March 2020, n = 97 patients have consented in the

PDA, with n = 94 meeting inclusion criteria.
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in the PDA. Overall, enrollment has exceeded the internal target

enrollment goal. An enrollment flowchart can be found in

Figure 3.

Data Representativeness
While ACCELERATE is not designed to assess disease epidemi-

ology, we sought to assess the demographic representativeness

of patients in ACCELERATE (Table 1). The relative frequencies

of UCD to MCD (including iMCD, HHV8-associated MCD,

POEMS-associated MCD, and HHV8 status-unknown MCD) in

ACCELERATE are 37% and 63%. iMCD patients make up the

largest subtype (39.1% overall, 47.3% PDA, and 36.3% PPA),

with UCD being the second largest group (30.0% overall,
4 Cell Reports Medicine 1, 100158, December 22, 2020
33.5% PDA, 28.2% PPA) in this study. Subtype composition

overall is significantly different between the two arms (p <

0.0001). There is an overrepresentation of patients in the US

and Europe in ACCELERATE (Figure 4A). In the PPA, enrolled

patients who have had inclusion criteria confirmed come pre-

dominantly from the United States (n = 241, 89%), with another

5% from Canada (n = 13), 3% from Australia (n = 7), 1.5% from

Brazil (n = 4), and <1% each from 6 additional countries (Fig-

ure 4B). In the PDA, patient enrollment is distributed throughout

the 9 sites, with 25% located in Germany (n = 23) and France

each (n = 24), 15% located each in Italy (n = 14) and the United

Kingdom (n = 14), 11% in Norway (n = 10), and 10% in Spain

(n = 9) (Figure 4C). There was no significant difference between

arms in regard to racial composition, with themajority of patients

(78.0%) being white (p = 0.56).

The mean age at diagnosis in ACCELERATE is 40.2 (16.3)

years (range: 1–80). We found that patients enrolled in the PPA

are significantly younger (mean [SD] 38.8 [16.4]) than those

enrolled in the PDA (mean [SD] 44.3 [15.3]) (p = 0.005). This

observed age difference likely reflects the fact that children

can enroll in the PPA but cannot enroll in the PDA. The two

arms had a similar breakdown by gender, with females

composing 55.1% (201/365) of the cohort overall (51.6% PDA,

56.7% PPA, p = 0.67). As the majority of patients self-enroll

through the PPA, and PDA physicians cannot enroll deceased

patients, we expect the proportion of CD patients who have

died to be underrepresented in ACCELERATE. Deceased pa-

tients comprise 2.7% of the enrolled ACCELERATE cohort,

with a mean (SD) 2.8 (4.6) years alive from diagnosis until death

(range: 0–11). Although ACCELERATE is not suited to assess

real-world epidemiology, a broad demographic cohort is

represented.

Data Processing
We next assessed the efficiency of medical data collection and

extraction in the PPA, for which the ART requests patient data

from all of the treating institutions. For PPA patients, medical re-

cords, radiological images, and biospecimens are acquired from

geographically dispersed patients and institutions. Of the 271

PPA patients meeting inclusion criteria, 59 self-uploaded their

pathology report during enrollment (21.8%). For patients who

did not self-upload their pathology report, median (interquartile

range [IQR]) time from date of enrollment until receipt of report

was 25 (3.0–67.0) days (range: 0–466) (Table S1). After receipt

of the pathology report, the remaining time until receipt of

comprehensive retrospective data was 145 (44.0–282.0) days.

All requested medical records are combined into one readable

electronic file for manual review and extraction. The median

length of a patient’s medical record is 531 (274–1,041) pages,

with the smallest record being 11 pages and the largest being

8,450 pages. The total number of pages received as of the

data cutoff date is 216,851 pages.

As of March 2020, extraction has been started on 201 cases,

and 194 of the 201 cases have been completed and reviewed

by the PI. The median time from beginning data entry until

completing a review with the PI is 44 (16.5–92.0) days, and a

given full-time data analyst enters a median of 321 (243–437)

medical record pages per week. Therefore, the median length



Figure 3. Study Enrollment Flow Diagram

Patients who receive a CD-diagnosis grade from

the Certification and Access Subcommittee (CAS)

will be included in select future analyses. PDA

patients have not yet begun the CAS review pro-

cess.

Article
ll

OPEN ACCESS
of time from enrollment until case reviewwith the PI is�7months

(Table S1).

Following the PI case review, each case undergoes Certifica-

tion and Access Subcommittee (CAS) review and grading, which

is performed to select optimal CD cases for certain analyses and

publications. As of March 2020, the CAS has reviewed 146 of the

194 cases extracted into the database (75.3%) and assigned a

grade that is insufficient for inclusion in select future analyses

for 42 (28.8%) cases (Table S1). Overall, it takes �1 year from

the time of patient enrollment until CAS review. Considering

that this hybrid approach has not been done previously, these

data suggest that it is feasible, given sufficient resources.

Data Quantity and Accuracy
The ACCELERATE database is open-ended, which means that

there is no limit to the number of times that an element (e.g.,

lab values, clinical symptoms) is captured, and the quantity of

available data can vary greatly, so we examined the amount

and type of data collected by each arm. Of the 365 patients

confirmed to meet inclusion criteria, 294 (80.5%) have medical

data entered in the database, including 93 of 94 patients

(98.9%) in the PDA and 201 of 271 patients (74.2%) in the PPA

(Figure 5A). A larger proportion of patients in the PPA (64.2%)

have an adequate set of clinical, laboratory, and radiological

data at the time of diagnosis than those in the PDA (5.4%) (Fig-

ure 5A). In addition, the amount of clinical, laboratory, and radio-

logical data from diagnosis onward differs between arms. In the
Cell Reports
PPA, the median (IQR) number of as-

sessed clinical symptoms entered per pa-

tient is 268.0 (134.0–486.0), and in the

PDA, it is 20.0 (12.0–38.0). The median

(IQR) number of laboratory tests entered

per patient in the PPA is 358.5 (147.0–

890.5) and in the PDA is 14.0 (11.0–

33.0). The amount of radiological data,

shown as the median (IQR) number of

magnetic resonance imaging (MRI),

computed tomography (CT), or positron

emission tomography (PET) scans, is

10.0 (6.0–17.0) in the PPA and 1.0

(1.0–2.0) in the PDA (Figure 5B). Overall,

patients in the PPA have a median (IQR)

of 683.0 (323.0–1334.0) clinical, labora-

tory, and imaging data elements entered,

whereas patients in the PDA have 37.0

(19.0–69.0) clinical, laboratory, and imag-

ing data elements entered.

Although a greater amount of data is

available in the PPA, there is a larger

percentage of treatment regimens with
a documented response assessment in the PDA. Of the PDA

patients, 44 (47.3%) have at least 1 regimen with a physi-

cian-assessed response, and of the total number (81) of as-

sessed regimens, only 2 (2.5%) regimens lack response

assessment. Comparatively, 194 of the PPA patients (96.5%)

have at least 1 ART-assessed treatment regimen, and of the

654 assessed regimens, 118 (18.0%) regimens have an un-

known outcome due to missing clinical, laboratory, and/or

radiological data.

Given the large amount of data entered in the PPA, the poten-

tial for errors during data entry, and the fact that data are not

entered by the patient’s physician, data audits are performed

on PPA data. To date, 56 patients in the PPA have been audited

with a 91.1% accuracy rate. Of the 8.9% of elements that were

not accurately entered, 7.3% of those were not entered at all

and 1.6% were entered incorrectly.

Data Utilization
Given that this study design has enabled sufficient enrollment of

a representative cohort with a high quantity of data accurately

sourced from medical records to meet our primary objective of

collecting real-world CD data, we have begun addressing our

secondary objectives (Figure 6). To identify patient subgroups,

a study is under way to characterize the full spectrum of CD, spe-

cifically evaluating patients who do not clearly fall into the UCDor

iMCD subgroups and do not carry an alternative or exclusionary

diagnosis.13 Clinical data recorded in ACCELERATE are being
Medicine 1, 100158, December 22, 2020 5



Table 1. ACCELERATE Patient Demographics

Overall, n = 365 PPA, n = 272 PDA, n = 93 p

Proportion of UCD to MCD 109:187 (37%:63%) 76:129 (37%:63%) 33:58 (36%:64%) 1.00

Overall composition

Subtype, unknown 55 (15.2) 54 (20) 1 (1.1) <0.0001

UCD 109 (30.0) 76 (28.2) 33 (33.5)

HHV8-associated MCD 23 (6.3) 11 (4.1) 12 (12.9)

iMCD 142 (39.1) 98 (36.3) 44 (47.3)

HHV8-unknown MCD 8 (2.2) 8 (3.0) 0 (0)

POEMS-associated MCD 12 (3.3) 12 (4.4) 1 (1.1)

Other diagnosis 14 (3.9) 11 (4.1) 2 (2.2)

Racial composition, n (%)

Asian 22 (6.1) 19 (7.0) 3 (3.2) 0.5587

Black 23 (6.3) 18 (6.7) 5 (5.4)

White 283 (78.0) 207 (76.7) 76 (81.7)

Other/unknown/refused to answer 35 (9.6) 26 (9.6) 9 (9.7)

Gender, n (%)

Female 201 (55.4) 153 (56.7) 48 (51.6) 0.6668

Male 160 (44.1) 115 (42.6) 45 (48.4)

Transgender 1 (0.3) 1 (0.4) 0

Other 1 (0.3) 1 (0.4) 0

Age at diagnosis, y

Mean (SD) 40.2 (16.3) 38.8 (16.4) 44.3 (15.3) 0.0046

Range 1.0–80.0 1.0–80.0 2.0–78.0

Deceased patients

N (%) 10 (2.7) 10 (100) 0 N/Aa

Patient-years mean (SD) 2.8 (4.6) 2.8 (4.6)
aDeceased patients not enrolled in the PDA.
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analyzed along with corresponding CT and PET/CT images that

were obtained through the ACCELERATE data collection pro-

cess. To assess real-world response and safety profiles, an in-

depth examination of treatments is also under way. Interestingly,

we have identified 62 unique CD-treating drugs administered

across patients of all CD subtypes in ACCELERATE, of which

46 have been administered to iMCD patients. Further analyses

into these off-label treatments may be informative.

Furthermore, data extracted into ACCELERATE have

served as critical correlative data for translational research

performed on biospecimens around the world; patient data

and tissue biospecimens collected from ACCELERATE have

been used in published and ongoing translational and clinical

studies that have led to treatment guidelines, critical biolog-

ical insights, and the discovery of therapeutic targets (Fig-

ure 6).14–19 Overall, ACCELERATE patient data and tissue

samples have enabled translational research studies that

shed light on iMCD pathogenesis and will serve as an engine

for future discovery.

DISCUSSION

ACCELERATE maximizes enrollment and data collection

through a hybrid strategy that combines an innovative pa-
6 Cell Reports Medicine 1, 100158, December 22, 2020
tient-powered approach with a traditional physician-directed

approach. The rarity and broad distribution have made it diffi-

cult to accrue large numbers of patients at specific sites

through a traditional site-based approach alone. The patient-

powered, centralized data entry approach used in this study

has enabled us to enroll a large cohort of patients from a

variety of demographics in a feasible time frame, collect

extensive longitudinal medical data of high accuracy from pri-

mary sources, obtain biological materials, identify clinically

actionable insights about CD natural history and treatment,

and support critical translational research. This design builds

upon aspects from prior efforts to remotely collect specific

clinical data in progeria and clinically annotated samples in

angiosarcoma.20,21

Several factors have likely contributed to the successful enroll-

ment observed in the PPA and should be considered in future

studies of rare diseases. Studies involving direct-online patient

enrollment need to have a motivated patient population and a

clear means for informing and engaging patients. The CDCN,

which is one of three collaborative partners, facilitates patient

involvement by providing information about ACCELERATE

through its website, social media, and communications with

physicians and patients, and subsequently disseminates

research findings made through the registry to the patient



Figure 5. Data Entry Trends in the PPA and PDA

(A) The proportion of patients who meet inclusion criteria and have data

entered into the study database for the PDA (99%) and PPA (75%), and the

proportion of patients with medical data entered in each armwith clinical (98%

PPA, 52% PDA), laboratory (86% PPA, 37% PDA), imaging (70% PPA, 15%

PDA), and all 3 (clinical, lab test, and imaging data) in the database (64% PPA,

5% PDA).

(B) Violin plot showing the distribution (median, interquartile range, and range)

of the number of required lab tests, positive or negatively assessed clinical

features, and PET, PET/CT, CT, or MRI imaging studies entered in each arm.

Data are represented on a log scale.

Figure 4. Geographic Trends in ACCELERATE

(A) Patients have consented from 27 different countries, with the majority from

the United States (n = 303), Germany (n = 24), France (n = 24), Canada (n = 18),

Italy (n = 16), the United Kingdom (n = 15), Australia (n = 14), Norway (n = 10),

and Spain (n = 9).

(B) Enrollment within the United States is distributed across the country, with a

cluster of patients near the Northeast.

(C) Enrollment from the 9 PDA sites demonstrates an even distribution.
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community.22 Furthermore, in-person patient and physician

meetings as well as online tools, such as GHDonline, RareCon-

nect, CoDigital, and Facebook were used to engage physicians,

researchers, and patients in ACCELERATE planning on research

questions not previously addressed in the literature. Similar ef-
forts to engage patients through qualitative interviews and

research prioritization in other diseases have also been found

to have a positive impact on the research and relationship be-

tween the patient community and research team.23,24 The Multi-

ple Myeloma Research Foundation reported that in multiple

myeloma, 93% of patients are willing to share data to help

advance treatment research, and the foundation recently
Cell Reports Medicine 1, 100158, December 22, 2020 7



Figure 6. Use of ACCELERATE Clinical Data and Tissue Samples in Translational Research

Key clinical data and tissue samples obtained through ACCELERATE have been used to further research CD etiology, signaling, cytokines, cell types, subgroups,

and treatments. ACCELERATE clinical data have contributed to 5 published clinical and translational studies, 8 translational studies in progress, and 4 clinical

studies in progress. xPlanned research; *research in process; ypublished; zsubmitted for publication.
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launched their own direct-to-patient web-based registry to

collect longitudinal, clinical, genomic, and other data.25 Our

experience collaborating with the CDCN demonstrates the suc-

cess that can be achieved when patient networks partner on

these kinds of studies.

Although the traditional site-based approach in this study has

contributed to enrollment, study start-up time, differences in

data collection, and resources required per site have limited

the extent of that contribution. We selected sites in European

countries, where we expected that rare disease patients would

be more likely to be referred to fewer national reference centers.

The nine sites were selected based on their historical patient

populations and anticipated enrollment. However, the timeline

required to obtain ethics committee approval, finalize site con-

tracts, and train study staff delayed the start of patient enroll-

ment. Also, differences in data privacy regulations and material

transfer in European countries, as well as the limited geograph-

ical reach for each PDA site, likely contributed to the narrower

enrollment capacity. From these data, a site-based approach

can capably contribute to enrollment, but the limited geograph-

ical reach and extended time should be factored into the overall

study goal.

There are also several differences between the PPA and PDA

regarding data collection that should be both discussed and

considered in the planning of future rare disease registry studies.

A greater number of patients and more data per patient have
8 Cell Reports Medicine 1, 100158, December 22, 2020
been entered in the PPA than in the PDA. The lower amount of

data entered for PDA patients is expected considering the

resource-constrained PDA sites, where access to external med-

ical records and available time to enter comprehensive data are

limited compared to the PPA, where multiple full-time personnel

have the capacity to obtain and enter all relevant data. In addi-

tion, the lower amount of data around the time of diagnosis in

the PDA likely reflects the fact that the PDA sites are referral cen-

ters, so patients are diagnosed elsewhere and their data from

diagnosis may not be available for entry into the database.

Despite the higher number of patients and greater amount of

data per patient in the PPA, a larger proportion of enrolled pa-

tients in the PDA are confirmed to meet inclusion criteria and

have any amount of data entered in the database. Since patients

in the PDA are enrolled by the site physician, these patients are

clinically confirmed tomeet inclusion criteria at the time of enroll-

ment and patient data can be entered in a more timely manner.

The smaller percentage of enrolled PPA patients meeting inclu-

sion criteria (73%) reflects a lag between patient enrollment

and receipt of pathology report, rather than a true difference in

the proportion of patients meeting inclusion criteria compared

to that in the PDA. Furthermore, the amount of time it takes to

obtain comprehensive medical records in the PPA extends the

time until medical data can be entered in the PPA, resulting in

a reduced proportion of patients with entered data. In addition

to enrollment and data collection differences, we also found
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differences in the assessment of treatment responses. Treating

physicians at sites in the PDA can provide their own response as-

sessments, whereas sufficient clinical, laboratory, and radiolog-

ical data are required for an analyst to confidently assess

response in the PPA. As such, adjustments will be warranted

when data are combined for analyses.

Given the above differences between the two study arms, it is

therefore important to consider the type and amount of data

available and needed, time to obtain data, diagnosis assessment

time, and resources available when designing a registry or natu-

ral history study. Studies of rare diseases in which a relatively

large proportion of patients is treated by a small number of phy-

sicians and a relatively small amount of data need to be ex-

tracted per patient may benefit from the site-driven approach.

However, studies of diseases with disbursed patient populations

and many unknowns may benefit from the patient-powered

approach, in which more patients can be included and more

data can be collected and aggregated but per patient time to

completion may be higher.

We set out to address a number of unanswered questions,

such as an inventory of treatments and their real-world

response. A systematic literature review published in 2016 re-

ported a total of 18 different treatments in the 127 iMCD cases

published in the literature. Publication biases, differences in

response criteria, and sparse data presented with each

case make it difficult to interpret the activity of these drugs

in iMCD. In our preliminary review of iMCD treatments in

ACCELERATE, we have identified 46 unique drugs given to

iMCD patients and have extensive longitudinal clinical, radio-

logical, and laboratory data to enable pragmatic treatment

response evaluations. Given the mortality associated with

iMCD and the large proportion of patients who do not respond

to anti-IL6 treatment, the identification of other effective treat-

ments is crucial. ACCELERATE has also served as a founda-

tional element in the recent translational and clinical research

discoveries in CD. The use of the global unique identifier

(GUID) to enable de-identified linking of clinical data and sam-

ples in ACCELERATE with samples collected under other

research protocols has enabled translational research and in-

sights into disease pathogenesis that would not have been

possible in isolation. In the past 3 years, data and tissue sam-

ples collected for ACCELERATE have been used in 5 published

studies that have identified key cell types, signaling pathways,

chemokines, therapeutic targets, and optimal treatment ap-

proaches.14–17,19 The ACCELERATE model may also be helpful

for other rare disease research studies.

Despite these successes, there are several limitations to the

study design used in ACCELERATE. First, the differences in pa-

tient enrollment and data collection procedures between the

PPA and PDA could introduce biases if combined. It is also

possible that there are differences in clinical practice between

physicians in the United States, where the largest proportion of

PPA patients are located, and physicians in the PDA sites in

Europe, which could explain some data entry differences. Sec-

ond, online patient-driven registration may result in enrollment

biases toward certain populations. In fact, the proportion of

patients deceased by the time of follow-up is lower in

ACCELERATE than in the published literature.26 This likely re-
flects a survival bias that is present in studies in which the patient

must be alive. To address this potential bias, family members of

deceased CD patients are invited to enroll these patients into the

PPA. We found that the ratio of UCD to MCD patients in

ACCELERATE (37% to 63%) is the inverse of that previously re-

ported in the published literature (68% to 32%) and an insurance

claims database (75% to 25%).10,26 This may reflect that the

more symptomatic and less easily treated MCD patients may

be more likely to seek resources and referrals and therefore be

more likely to enroll in ACCELERATE than UCD patients. Third,

the broad inclusion criteria could result in individuals who do

not have CD enrolling and confounding the results. To address

this, we assembled an expert panel to review key data for each

patient. Although nearly all of these patients are being treated

by a physician as though they have CD, a notable proportion

of reviewed patients (42/146, 29%) did not achieve the minimum

diagnostic grade to be included in some future analyses. Data

from these cases will be useful for helping to differentiate the pa-

tients most consistent with CD from patients who may have CD

or other overlapping diseases but do not meet all of the required

criteria. Lastly, both study arms require extensive financial

support. However, elements of ACCELERATE could bemodified

to reduce costs, such as stricter enrollment criteria andmore tar-

geted collection of data.

Here, we have described a design for a patient-powered

natural history registry, leveraging online enrollment, which

has proven to be foundational to our research program. This

approach has overcome barriers intrinsic to traditional ap-

proaches, generated an overview of the natural history of

CD, and facilitated discovery in the biology and clinical as-

pects of CD. Within 3.5 years, ACCELERATE assembled the

largest cohort of CD patients reported to date who received

62 drug treatments, including 61 that are off-label. For a het-

erogeneous condition with few therapeutic options, the identi-

fication and evaluation of every potentially new therapeutic

approach is critical to improving care and advancing clinical

trials. Our results suggest that a patient-powered approach

to natural history registry enrollment linked to biospecimens

has been successful in CD and should be explored in other

rare diseases.
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REAGENT or RESOURCE SOURCE IDENTIFIER

Software and Algorithms

R 3.6.0 R https://www.r-project.org/

R Studio 1.0 RStudio https://rstudio.com/

SAS 9.4 SAS https://www.sas.com/en_us/home.html
RESOURCE AVAILABILITY

Lead Contact
Further information and requests for resources should be directed to and will be fulfilled by the Lead Contact, David Fajgenbaum

(davidfa@pennmedicine.upenn.edu).

Materials Availability
This study did not generate new unique reagents.

Data and Code Availability
The study datasets and code supporting the current study have not been deposited in a public repository because data collection is

ongoing at the time of publication. They are available from the Lead Author upon request.

EXPERIMENTAL MODEL AND SUBJECT DETAILS

The aim of the present study is to describe the feasibility and initial results from the ACCELERATE natural history registry. Inclusion

criteria are broad and consist of a person of any age who has a pathology report suggestive of CD of any subtype and who can pro-

vide informed consent. Deceased patients can be enrolled by family members or site physicians per local regulations. There are no

exclusion criteria. Detailed information on enrolled subjects, including accrual and sample size, is described in the Feasibility Assess-

ment subsection of the Results section, as well as in Figures 2 and 3. A summary of demographic findings, including age at diagnosis,

gender, and race, for all patients who meet study inclusion criteria is included in Table 1. The research protocol was approved by the

UPenn Institutional Review Board and by the Ethics Committee at each respective European site (Centre Hospitalier Régional Uni-

versitaire de Lille, Lille, France; Hôpital Saint-Louis, Paris, France; Infektionsmedizinisches Centrum Hamburg, Hamburg, Germany;

University of M€unster, M€unster, Germany; King’s College London, UK; Hospital Ramón Y Cajal, Madrid, Spain; Università degli Studi

di Torino, Torino, Italy; Università di Bologna, Bologna, Italy; Oslo Universitetssykehus, Oslo, Norway). All subjects included in this

study have provided their informed consent.

METHOD DETAILS

Data collection
Once enrolled, patients are assigned a GUID, a unique computer-generated alphanumeric code, which is generated through soft-

ware provided by the National Institutes of Health. The GUID enables de-identified linking of patient clinical data with translational

research studies that use patient blood and/or tissue samples collected under separate research protocols. A complete listing of

data elements collected in the registry for each patient at multiple time points can be found in Table S2. In addition, the European

Quality of Life �5 dimensions, Multicentric Castleman Disease Symptom Scale, and a self-reported flare form are optionally

completed by patients on a quarterly basis. See the Approach subsection of the Results for detailed information on the data collection

approach in the PDA and PPA.

Treatment regimen and response assessment
Medical and surgical treatments used to treat CD are captured. Treatment combinations, termed regimens herein, are then defined

based on the timing of initiation of different treatments. In the PDA, site physicians assess the patient’s clinical and lymph node

response to a given regimen according to defined criteria (Table S3). In the PPA, physicians are not involved in providing or assessing

data and physician-assessed responses are not consistently or systematically recorded in the medical record, so a response crite-

rion was established according to the change in the proportion of abnormal minor diagnostic criteria between the initiation of a

regimen and the time of greatest improvement (Table S4).8
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The minimum patient enrollment goal for the first five years was 100 siltuximab-eligible (iMCD) patients across both arms in order to

meet the EMA post approval measure. The internal target enrollment goal for the study was 500 CD patients across both arms (esti-

mated 450 PPA and 50 PDA) over 5 years. Oversight of the ACCELERATE Registry is provided by two independent committees. The

CAS, composed of 7CD experts including 4 clinicians and 3 pathologists, is responsible for categorizing diagnoses, grading the likeli-

hood of each patient’s diagnosis with CD, and granting access to ACCELERATE data to outside researchers. The CAS is assigned

approximately 20 cases quarterly to review and grade. Cases are presented with available demographic and diagnostic information,

including clinical features, radiological scans, and biomarkers within ± 90 days of diagnosis, as well as a scanned hematoxylin and

eosin stained lymph node slide and other immunohistochemistry as available. CAS members grade each case independently and

then meet to assign a consensus grade from 1 (least likely CD diagnosis) to 5 (most likely CD diagnosis). All cases that meet study

inclusion criteria have been suspected of having CD and may be included in analyses; CAS grades are used to select optimal cases

for certain analyses and publications. The ACCELERATE Steering Committee (ASC) is responsible for overseeing the operations,

enrollment status, data accuracy, and safety data associated with the study. It is composed of three members each from CDCN,

University of Pennsylvania, and EUSA Pharma (formerly Janssen Pharmaceuticals); two representatives from the patient and patient

loved-one community are currently included among the 9 ASC members. The ASC meets regularly to review reports from the data-

base and to address any relevant issues with the data.

Multiple mechanisms are in place to review and ensure data accuracy. First, a medical review report is generated and reviewed by

the Principal Investigator and a member of the medical affairs division at the financial sponsor every 6 months to identify concerning

data points relating to diagnosis, lab values, and safety events. Additionally, the database is queried regularly for potential inaccur-

acies including: missing data points (e.g., no information provided for a given clinical feature on a given form), duplicate data points

(e.g., multiple entries of same drug treatment), out-of-range laboratory values, inconsistent data points (e.g., CT identifying multiple

regions of enlarged lymph nodes but patient identified as unicentric subtype), missing treatment regimens, and additional ad hoc

queries. A line listing of all queries is prepared and sent to the data analyst (PPA) or site (PDA) for reconciliation with the source

documents. Queries are then reconciled, and line listings are returned with an indicated resolution, and all documentation is retained

for reference.

The ACCELERATE registry meets all applicable data protection laws, including General Data Protection Regulation (GDPR),

HIPAA, and Personal Health Information Protection Act (PHIPA). When the Regulation EU 2016/679 on Personal Data (i.e., GDPR)

became fully effective in May 2018, patients enrolled in countries located in the European Economic Area (EEA) were provided

with an informed consent addendum detailing their rights under GDPR and study compliance with GDPR, and the informed consent

in each country was amended to address GDPR regulations after May 2018. Both the sponsor (UPenn) and the individual sites are

considered ‘‘data controllers’’ and ensure that all data collected are processed in accordance with the law. In the PDA (i.e., sites

located in EEA), all data elements that contain personally identifying information are collected, processed, and maintained at the

site and visible only to the site physician and site study staff; data extracted into the database contains no personally identifying

information. In the PPA, data elements that contain personally identifying information are provided by the patient at the time of enroll-

ment and are visible only to study staff with appropriate database credentials. The registry platform is powered by Pulse Infoframe,

which is compliant with HIPAA, PHIPA, and GDPR. All analyses performed on the data will be performed on de-identified data only.

Lastly, as outlined in the contractual agreement, ownership of the data and operational conduct of the study, with regards to collec-

tion and management of data, remain with UPenn. In the event that UPenn is no longer able to procure funding to maintain the

registry, ownership of the data and study management will be turned over to the CDCN, which will make arrangements to fund

and preserve the registry. Data is shared with EUSA Pharma (formerly Janssen Pharmaceuticals) for the purpose of performing reg-

ulatory submissions to Regulatory Authorities in connection with the PAM.

QUANTIFICATION AND STATISTICAL ANALYSIS

Data reported herein were collected from October 2016 through March 2020. Summary statistics were tabulated, and Pearson

Chi-Square, Fisher’s exact, or Student’s t test comparisons were performed where appropriate. Categorical data are presented

as frequency (%), and continuous data are reported as median [IQR] unless otherwise stated. Data were prepared using SAS

v9.4, R v3.6, and R Studio v1.0.

ADDITIONAL RESOURCES

More information on this study can be found at http://www.cdcn.org/accelerate. ClinicalTrials.gov identifier: NCT02817997
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Table S1. Data processing metrics in the patient-powered arm, related to Figure 1 

Data requests and receipt 

Days from enrollment to receipt of requested pathology reports 

Median [IQR]  

Range 

 

25 [3, 67] 

0-466 

Number of medical institutions data requested per patient 

Median [IQR] 

Range 

 

3.0 [2.0, 4.0] 

1, 11 

Total medical data requests sent 

N 

 

1228 

Days from receipt of pathology report to receipt of comprehensive medical data 

Median [IQR] 

Range 

 

145 [44, 282] 

11, 787 

Data entry 

Days from start of data entry until completion of PI review 

Median [IQR] 

Range 

 

44 [16.5, 92.0] 

1, 485 

Medical record length per patient (pages) 

Median [IQR] 

Range 

 

531 [274, 1041] 

11, 8450 

Pages entered per week per data analyst 

Median [IQR] 

 

321 [243, 437] 

Total aggregate pages received, as of data cut off 216,851 

CAS review 

Days from PI review until CAS review 

Median [IQR] 

 

158 [119.0, 245.0] 

CAS Grades, N (%) 

1, Other diagnosis 

2, Insufficient data for diagnosis 

3, Sufficient data: Possible diagnosis 

4, Sufficient data: Probable diagnosis 

5, Sufficient data: Affirmative diagnosis 

 

42 (28.8) 

9 (6.2) 

32 (21.9) 

51 (34.9) 

12 (8.2) 

 

 

  



Table S2. Data collection elements, related to STAR Methods 

Category Data Element 

Clinical features Fatigue 

Malaise 

Night sweats 

Fever 

Unintentional weight loss 

Tumor pain/ lymph node pain 

Dyspnea 

Pruritus 

Fluid retention 

Peripheral neuropathy 

Violaceous lymphocytic papules/ cherry hemangiomata 

Skin disorders 

Interstitial lymphocytic pneumonitis 

Enlarged liver 

Enlarged spleen 

Lymphadenopathy 

Joint pain 

Lymph node features Atrophic/ regressed germinal centers 

Onion skinning 

Follicular dendritic cell prominence 

Vascular proliferation 

Dysplastic follicular dendritic cells 

Budding germinal centers  

Hyperplastic germinal centers 

Interfollicular plasmacytosis 

Lollipop sign 

Architectural alteration 

Expanded mantle zone 

EBV-encoded RNA positive staining 

HHV-8 positive staining 

Bone marrow features Atrophic/ regressed germinal centers 

Myelofibrosis 

Atypical megakaryocytes 

Megakaryocyte hyperplasia 

Plasmacytosis 

Plasmacytosis clonality 

Hemophagocytosis 

Cellularity 

Emperipolesis 

Myeloid to erythroid ratio 

Laboratory tests (ordered by 

frequency of collection) 

Hemoglobin 

Platelets 

White blood cells  

Creatinine 

Blood urea nitrogen 

Absolute neutrophil count 

Absolute lymphocyte count 

Absolute monocyte counts 

Absolute eosinophil count 



Albumin 

Absolute basophil count 

Alanine aminotransferase 

Total bilirubin 

Alkaline phosphatase 

Aspartate aminotransferase 

Estimated glomerular filtration rate 

Lactate dehydrogenase 

Red blood cell distribution 

C-reactive protein 

Calcium 

(266 additional lab test have been collected with option to add others)  

Co-morbidities All diagnosed comorbid disorders collected  

Surgeries Lymph node biopsy 

Autologous peripheral blood stem cell transplant 

Allogeneic stem cell transplant 

Plasmapheresis/ plasma exchange 

Radiation therapy  

Bone marrow biopsy 

Splenectomy 

(40 additional procedures with option to add others) 

Castleman-treating 

medications (ordered by 

frequency of collection) 

Prednisone 

Rituximab 

Siltuximab 

Dexamethasone 

Methylprednisolone 

Tocilizumab 

Cyclophosphamide 

Immunoglobulin human normal 

Etoposide 

Prednisolone 

(52 additional medications with option to add others) 

Flares Defined as period from symptom start to at least partial response 

Adverse drug reactions All adverse drug reactions associated with a Castleman treating product 

Hospitalizations All hospitalizations and reason for hospitalization during period from 

diagnosis to present 

 

  



Table S3. Best clinical response as assessed by the site physicians (PDA), related to STAR Methods 

Response Definition 

Complete response Physician-determined complete improvement in all Castleman disease-associated 

symptoms and laboratory values after initiation of the regimen. 

Partial response Physician-determined complete improvement in at least 50% of Castleman disease-

associated symptoms and laboratory values, but not a complete response after 

initiation of the regimen 

Stable disease Physician-determined stable symptoms or a response after initiation of the regimen 

that does not meet the definition for PR or PD 

Progressive disease Physician-determined worsening in at least 50% of Castleman disease-associated 

symptoms or laboratory values after initiation of the regimen 

 

 

  



Table S4. Best clinical response as assessed by the ACCELERATE Registry Team (PPA), related to STAR 

Methods 

Response Definition 

Complete response 100% normalization of all assessed response criteria* after initiation of the regimen 

Partial response At least 50% normalization of all assessed response criteria* after initiation of the 

regimen, but does not meet a complete response 

Stable disease Does not meet the definition for partial response or progressive disease  

Progressive disease At least 50% worsening in the number of assessed response criteria* after initiation 

of the regimen  

*Constitutional symptoms, organomegaly, lymphocytic interstitial pneumonitis, cherry hemangiomas/ violaceous 

papules, C reactive protein/ estimated sedimentation rate, hemoglobin, platelet count, albumin, creatinine/ estimated 

glomerular filtration rate, immunoglobulin g/ gammaglobulin 
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