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Abstract

Idiopathic multicentric Castleman disease (iMCD) is a rare hematologic disorder with heterogeneous presentations ranging
from moderate constitutional symptoms to life-threatening multiorgan system involvement. There are vastly different clin-
ical subtypes, with some patients demonstrating thrombocytopenia, anasarca, fever/elevated C-reactive protein, reticulin
fibrosis/renal failure, and organomegaly (TAFRO) and others having milder/more moderate symptoms with potential for
severe disease (not otherwise specified, NOS). Due to its rarity and heterogeneity, the natural history and long-term burden
of iMCD are poorly understood. We investigated real-world medical data from ACCELERATE, a large natural history registry
of patients with Castleman disease, to better characterize the long-term disease burden experienced by these patients. We
found that iMCD-TAFRO patients face a significant hospitalization burden, requiring more time in the hospital than iMCD-
NOS patients during the year surrounding diagnosis (median [interquartile range]: 36 [18-61] days vs. 0 [0-4] days; P<0.001).
In addition, we found life-sustaining interventions, such as mechanical ventilation (17%) and dialysis (27%), were required
among iMCD patients, predominantly those with iMCD-TAFRO. iMCD-NOS patients, however, spent a significantly greater
proportion of time following disease onset in a state of disease flare (median 52.3% vs. 18.9%; P=0.004). Lastly, we observed
severe iMCD-related morbidities, such as acute renal failure, sepsis and pneumonia, among others, arising after iMCD di-
agnosis, impairing the patients’ quality of life. These data demonstrate a substantial disease burden experienced by iMCD
patients and emphasize the importance of ongoing research into iMCD to aid disease control.

Introduction

Idiopathic multicentric Castleman disease (iMCD) is a rare
lymphoproliferative disorder characterized by widespread
lymphadenopathy and a systemic inflasmmatory syndrome.
While the pathophysiology of the disease remains poorly
understood, existing data have implicated interleukin 6
and the mTOR and JAK-STAT pathways."®* As with other
inflammatory disorders, iMCD is characterized by constitu-

tional symptoms and systemic inflammation that can lead
to multiorgan failure or death.® Several different clinical
subtypes of iMCD have been identified. Patients with the
most severe subtype who demonstrate thrombocytope-
nia, anasarca, fever/elevated C-reactive protein, reticulin
fibrosis/renal failure, and organomegaly are classified as
having the TAFRO subtype.” Other patients who do not
meet TAFRO criteria are said to have iMCD not otherwise
specified (NOS) and typically present with a milder clinical
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phenotype.” A subset of NOS patients have thrombocytosis
and hyper-gammaglobulinemia and have historically been de-
scribed as having idiopathic plasmacytic lymphadenopathy.®
A recent epidemiological study based on USA insurance
claims found that approximately 1,000 patients were di-
agnosed with iIMCD each year.® Making a diagnosis of iMCD
is challenging because it is based on non-specific clinical
features and characteristic lymph node histopathology.
Underdiagnosis is likely as diagnostic criteria were not
developed until 2017, and there is no known diagnostic
serum biomarker.® Challenges with diagnosis and limited
understanding of the disease burden may contribute to
poor outcomes. Data from the USA before 2012 suggested
5- and 10-year mortality rates of 35% and 60% for iMCD
patients whereas more recent data from electronic medical
records suggest 25% mortality at 5 years.™"? Three-year sur-
vival estimates based on a recent large cohort of patients
in China were 65.7% for TAFRO patients, 87.2% for NOS
patients without the characteristics of idiopathic plasma-
cytic lymphadenopathy, and 98.5% for NOS patients with
the features of idiopathic plasmacytic lymphadenopathy.™
In the USA and Europe, siltuximab, a monoclonal antibody
directed against interleukin 6, is the only approved treat-
ment and first-line recommended therapy.*® Tocilizumab,
a monoclonal antibody directed against the interleukin 6
receptor, is recommended when siltuximab is not available
and is approved for use in iIMCD in Japan.’® For patients with
severe disease who do not respond to first-line treatment
with interleukin 6 blockade, multiagent cytotoxic chemo-
therapy is recommended.™®

Due to its rarity and heterogeneous nature, the natural
history and long-term burden of iMCD are not well under-
stood. In light of the limited understanding of the burden
of disease and the significant consequences of underes-
timating the risks of iMCD,"” we sought to investigate the
burden of iIMCD on patients and the healthcare system.
ACCELERATE (NCT02817997), a longitudinal natural his-
tory study of Castleman disease, is ideally positioned to
characterize the natural history and burden associated
with iMCD. Herein, we present data from ACCELERATE
to demonstrate that iMCD patients face a high burden of
disease with severe multisystem organ involvement, the
onset of life-threatening iMCD-related morbidities, long
periods of hospitalizations during which interventions are
frequently required, and extensive periods of time spent
with flares of active disease.

Methods

Study population

Patients with a pathology report suggestive of Castleman
disease were invited to enroll into ACCELERATE beginning
in October 2016."® Enrollment is open to patients in the
USA and globally. Given that the registry website is written
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in English and records from institutions in English-speak-
ing countries are more feasibly obtained, there is a bias
towards enrollment of English-speaking patients. After
enrollment, all available medical data from the time of
symptom onset to the time of analysis were collected
from each patient’s treating institution(s). Data were re-
viewed and abstracted into the study database, and each
case underwent a rigorous, systematic review by three
hematopathologists and four hematologist-oncologists
to confirm the accuracy of the iMCD diagnosis. While it
is impossible to know the exact number of patients in
this study who have been investigated previously, it is
possible that some patients have been included in prior
case reports/small series.

Outcome definitions

Diease severity at diagnosis was classified according to the
iMCD treatment guidelines and at least two criteria had to
be met for a diagnosis of severe iMCD: an Eastern Cooper-
ative Oncology Group performance status =2 or hospital-
ization, fluid retention, hemoglobin <8.0 g/dL, pulmonary
involvement/interstitial pneumonitis with dyspnea, or stage
IV renal dysfunction within 90 days of the diagnosis made
by lymph node biopsy.”™®

To ensure standardization, we defined a new flare as the
onset of at least two new iMCD disease symptoms or the
clinical worsening of previously stable signs or symptoms.
Flares also required at least one laboratory finding from the
iMCD diagnostic minor criteria that was previously normal to
become abnormal. A flare ended when a patient achieved
at least 50% reduction of symptoms (minor criteria from
the iIMCD diagnostic criteria).®

The Systematized Nomenclature of Medicine — Clinical
Terms (SNOMED-CT) ontology was used to categorize
iMCD-related morbidities and comorbidities.

Patient-reported outcomes

Patients enrolled in ACCELERATE were given outcome
surveys every 3 months throughout the duration of their
enrollment. Data were analyzed from patients who com-
pleted the survey at least once. Response data from Eu-
roQoL five-dimension, five-level (EQ-5D-5L), a validated
quality-of-life (QOL) questionnaire, and from the MCD
symptom score, a validated MCD symptom survey devel-
oped for the phase Il siltuximab clinical trial, were analyzed
for each patient’s most recent survey completion date.™
The EQ-5D-5L captures health on the day of the survey,
as well as ease with each of mobility, self-care, usual
activities, pain/discomfort, and anxiety/depression. The
MCD symptom survey captures 16 symptoms on a scale
scored from 1 to 6 with 1 being the least severe (did not
experience) and 6 being the most severe (very severe).
The sum of the responses yields the total MCD symptom
score. The 16 symptoms assessed included cough, short-
ness of breath, loss of appetite, fatigue, lack of energy,
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feeling weak, sores or rash on skin (skin lesions), itching,
numbness or tingling, pain, fever, swollen lymph nodes,
swelling or edema in other body areas, night sweats, and
excessive daytime sweating.

Statistical analyses

A %2 test was used to compare proportions, and Wilcoxon
rank sum was used to test for differences between con-
tinuous data. To compare hospitalization rates between
iMCD patients and the general population, a matched
case-control analysis was conducted using public data
from the 2018 National Health Information Survey (NHIS),
a cross-sectional household survey and the principal
source of information on the health of the non-institu-
tionalized population in the USA.®2° For each case, four
controls were matched for age (within 1 year), sex, and
race.'”®?° Kruskal-Wallis followed by Wilcoxon rank sum
testing with the Bonferroni correction were used to
compare controls with iMCD subtypes. Spearman rank
correlation test was used to determine the correlation
between QOL score and MCD symptom score. Analyses
were performed using R v 4.04.
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Ethical approval

The ACCELERATE natural history registry has received ethical
approval from the University of Pennsylvania Institutional
Review Board, with the most recent approval being given
on March 9, 2023 (protocol: 824758).

Results

Patients with idiopathic multicentric Castleman disease
present with severe clinical and laboratory
abnormalities

Of the 136 patients suspected to have iMCD who were re-
viewed, the ACCELERATE expert panel confirmed that 102
(75%) met both clinical and pathological criteria for iMCD."°
The cohort with a confirmed diagnosis had a slight pre-
dominance of males (n=58, 56.9%), a median (interquartile
range [IQR]) age of 35.3 (22.2-47.5) years, and 65% were
identified as White (Table 1). The median (IQR) follow-up
time after iMCD diagnosis was 3.4 (1.3-6.1) years for the
full cohort, 3.3 (1.2-5.3) years for TAFRO patients, and 3.6
(1.6-8.1) years for iMCD-NOS patients. Eight patients were

Table 1. Characteristics of the cohort of patients with idiopathic multicentric Castleman disease.

iMCD, N=102

Self-reported sex, N (%)

Female 44 (43.1)

Age at diagnosis in years

Median (IQR) 35.3 (22.2-47.5)
Range 1.8-74.4
Severity at diagnosis, N (%)
Severe 77 (77.0)
Mild/moderate 23 (28.0)
Data not available 2
Race, N (%)
White 66 (64.7)
Black/African American 12 (11.8)
Asian 14 (13.7)
Native Hawaiian/Pacific Islander 1(1.0)
American Indian/Alaska Native 1(1.0)
Other/refused to answer 8 (7.8)
Country of enrollment, N (%)
USA 91 (89.2)
Canada 5(4.9)
Australia 3(2.9)
Bermuda 1(1.0)
New Zealand 1(1.0)
Cayman Islands 1(1.0)
Histopathological subtype, N (%)
Hypervascular/hyaline vascular 63 (61.8)
Mixed 27 (26.5)
Plasmacytic 7 (6.9)
Not specified 5(4.9)

TAFRO, N=61 NOS, N=41

23 (37.7) 21 (51.2)

31.4 (17.9-47.1) 39.3 (31.3-50.0)

1.8-65.7 14.1-74.4
57 (93.4) 20 (51.3)
4 (6.6) 19 (48.7)
0 2
44 (72.1) 22 (53.7)
6 (9.8) 6 (14.6)
6 (9.8) 8 (19.5)
1(1.6) (o |
0 1(2.4
4 (6.6) 4 (9.8)
53 (86.9) 38 (92.7)
4 (6.6) 1 (2.4)
2(3.3) 1(2.4)
1(1.6) 0
0 1 (2.4)
1(1.6) 0
45 (73.8) 18 (43.9)
15 (24.6) 12 (29.3)
0 (0.0) 7 (17.1)
1(1.6) 4(9.8)

iMCD: idiopathic multicentric Castleman disease; TAFRO: thrombocytopenia, anasarca, fever/elevated C-reactive protein, reticulin fibrosis/
renal failure, and organomegaly; NOS: not otherwise specified; IQR: interquartile range.
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dead at the time of data collection (Online Supplementary
Table S7). Sixty-one (60%) patients met TAFRO criteria’
and 41 (40%) were classified as having iMCD-NOS. TAFRO
patients tended to be more commonly male (TAFRO 62%
compared to NOS 49%) and younger (mean [standard de-
viation]: 33.0 [17.4] vs. 40.1 [13.9] years) than NOS patients.
First, we investigated disease severity at diagnosis and
across age ranges. Of the 100 patients with sufficient in-
formation to determine disease severity at diagnosis, 77
(77%) initially presented with severe disease. Notably, we
found iMCD in individuals of all ages, with the youngest
patient in the cohort diagnosed at 1.8 years and the oldest
at 74.4 years. We examined severity by age range visually
and observed that the majority of patients <30 or >60 years
of age presented with severe disease (Figure 1A). When we
examined this trend statistically, we found a significant
difference among the groups (P=5.3x10"*). Patients <30
and patients >60 years old were more likely to have se-
vere disease (94.6% and 90.0%, respectively) as compared
to patients between 30 and 60 years old (62.2%) (Online
Supplementary Table S2). All but one patient >60 years
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old presented with severe disease and all but two of the
patients <30 years presented with severe disease, while
a large proportion of patients in the 30- to 60-year-old
age group presented with mild-moderate disease, which
likely affected this result (Figure 1A).

We next investigated the clinical and laboratory abnor-
malities present at diagnosis (Online Supplementary Table
S3). Specifically, we focused on the degree of anemia and
hypoalbuminemia as markers of disease activity at diag-
nosis in this cohort. Across all patients, the median (IQR)
hemoglobin concentration was 7.8 (6.6-10.5) g/dL and the
median (IQR) albumin level was 2.2 (1.8-2.9) g/dL; patients
in both TAFRO and NOS subgroups had median levels
below the lower limits of normal. Eighty-seven (85.3%)
patients had anemia and 81 (79.4%) had hypoalbuminemia
at diagnosis (Figure 1B). We also determined the propor-
tions of patients overall and by subtype who had clinical
abnormalities (Figure 1C, Online Supplementary Table S3).
A large majority of patients presented with fluid retention
(84%), splenomegaly (72%), and/or hepatomegaly (60%).
While TAFRO patients accounted for most patients with
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Figure 1. Patients with idiopathic multicentric Castleman disease demonstrate severe disease at diagnosis. (A) A large proportion
of patients with idiopathic multicentric Castleman disease (iMCD) across all ages had severe disease. Notably, 95% of patients
under the age of 30 years presented with severe disease at diagnosis. (B) Within the cohort of 102 iMCD patients, 87 (85.3%) had
anemia and 81 (79.4%) had hypoalbuminemia at diagnosis. *Lower limit of normal for hemoglobin in males (12.5 g/dL). fLower
limit of normal for hemoglobin in females (11.5 g/dL). *Lower limit of normal for albumin (3.5 g/dL). (C) A large majority of patients
presented with clinical symptoms, which ranged from mild to severe. Patients with both clinical subtypes of iMCD (TAFRO and
NOS) demonstrated clinical abnormalities. TAFRO: thrombocytopenia, anasarca, fever/elevated C-reactive protein, reticulin fibro-
sis/renal failure, and organomegaly; NOS: not otherwise specified.
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these clinical signs, we found a substantial subset of NOS
patients with the same severe clinical features. Among
the 102 patients, 77 (76%) presented with severe disease
at diagnosis, including 57 (93%) TAFRO patients and 20
(51%) NOS patients (Table 1). These data demonstrate that
iMCD patients of any age and subtype can have severe
and burdensome disease.

Idiopathic multicentric Castleman disease patients with
TAFRO face significant hospitalization burden

We examined the number of hospitalized days due to iMCD
symptoms as another measure of disease burden. In the
year surrounding diagnosis (6 months preceding and after
the diagnostic biopsy), iIMCD patients were hospitalized for
a median (IQR) of 18 (0.5-38.0) days. When we stratified
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by days hospitalized prior to and following diagnosis, we
found that patients were hospitalized a median (IQR) of
5 (0-13.8) days in the 6 months preceding their diagnosis
(Figure 2A). In the 6 months following diagnosis, patients
were hospitalized a median (IQR) of 7.5 (0-25.0) days. Eleven
patients (10.8%) spent more than 60 days in hospital in the
year surrounding their diagnosis, highlighting the morbidity
of this disease.

Next, we examined hospitalizations by subtype of iMCD to
evaluate any differences in burden of hospitalizations. We
found that TAFRO patients spent significantly more days
in hospital than did NOS patients. The median (IQR) days
in hospital in the year surrounding diagnosis was 36 (18-
61) for patients with TAFRO and 0 (0-4) for NOS patients
(W=153.5, P=1.3x10""°) (Figure 2B). In order to understand

Diagnosis
Time from diagnosis

-6 months

6 mdnths

Time spent hospitalized: ENOS B TAFRO

Figure 2. Patients with idiopathic multicentric Castleman disease face a high burden
of hospitalizations. (A) Patients with idiopathic multicentric Castleman disease (iMCD)
are hospitalized a large proportion of time in the 6 months leading up to their diag-

*kk

*kk

*kk

200

150

100

50

Days hospitalized in 12 months

US Sample NOS

TAFRO

nosis and the 6 months following diagnosis (year around diagnosis). The graph depicts
each patient on the Y axis with the time hospitalized prior to diagnosis and the
number of days hospitalized after diagnosis. Red indicates the time that iMCD pa-
tients with TAFRO (thrombocytopenia, anasarca, fever/elevated C-reactive protein,
reticulin fibrosis/renal failure, and organomegaly) spent in hospital, and blue indicates
the time that patients with iMCD not otherwise specified (NOS) were hospitalized.
In the 6 months prior to diagnosis, patients were hospitalized a mean (standard
deviation [SD]) of 10.6 (17.5) days and a median (interquartile range [IQR]) of 5 (0-13.8)
days, while in the year following diagnosis, patients were hospitalized a mean (SD)
of 18.9 (28.2) days and a median (IQR) of 7.5 (0-25.0) days. (B) A sample of the USA
population from the 2018 National Health Information Survey (NHIS), a proxy for the
general population, spent significantly less time hospitalized in a 12-month period
(median [IQR]: 0 [0-0], mean [SD]: 0.24 [1.3] days) than either TAFRO patients (me-
$ dian [IQR]: 35 [18-61], mean [SD]: 46.0 [42.0] days; P<2.2x107¢) or NOS patients (me-
dian [IQR]: 0 [0-4], mean [SD]:4.9 [9.0] days; P=8.3x10"%) spent hospitalized in the
year around diagnosis. TAFRO patients were hospitalized significantly more days than
NOS patients within the year of diagnosis (P=1.3x107"2). ***P<0.001.
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both subtypes in the context of a general population and
given that most of our cohort were from the USA, we
accessed the NHIS 2018 survey data?® and identified a
control population of 408 individuals matched for age (+1
year), sex, and race. In a12-month period, control patients
were hospitalized for a median (IQR) of 0 (0-0) days. The
number of days hospitalized differed between the general
population and both TAFRO (W=47.5; P<2.2x107"%) and NOS
(W=5,638; P=8.3x10"") patients. This demonstrates that
compared to the general population, patients with iMCD
require substantially greater use of the healthcare system
and frequently need to be admitted to hospital.

We hypothesized that initiating a course of treatment for
iMCD would result in a reduction in the time spent in hospi-
tal. To test this hypothesis, we first compared the proportion
of patients hospitalized at the initiation of the first iMCD
treatment regimen, excluding corticosteroid monotherapy,
to the proportion hospitalized 4 weeks after initiating a
treatment regimen. Four weeks after initiation was select-
ed to allow sufficient time for the respective treatment
regimen to have an effect. Among the 99 patients who re-
ceived treatment with at least one regimen, 49 (49.5%) were
hospitalized at the time of starting the treatment regimen.
After 4 weeks of treatment, the number hospitalized had
been reduced to 20 (20.2%) patients (X=17.4; P=3.0x105).
We stratified the patients by type of treatment regimen,
considering the regimens most frequently administered as
first-line therapy, including siltuximab * corticosteroids,
tocilizumab * corticosteroids, rituximab + corticosteroids,
chemotherapy-based regimens, and immunomodulator(s)
* corticosteroids. Corticosteroid monotherapy was not
included in this analysis given that this approach is not
recommended and patients often receive a short course
while awaiting a correct diagnosis. We found that among
the 32 patients treated with siltuximab * corticosteroids as
first-line therapy, 11 (34.3%) were hospitalized at the time
of regimen initiation, and two (6.3%) were hospitalized 4
weeks after starting the treatment regimen (P=0.01). While
fewer patients were hospitalized 4 weeks after starting
treatment with each of the other regimens, we did not
find any other statistically significant differences, although
small sample sizes limit interpretation (Online Supplemen-
tary Table S4). Overall, these data demonstrate the clear
burden of hospitalizations early in the course of iMCD and
the importance of administering targeted therapy at the
time of diagnosis.

Patients with idiopathic multicentric Castleman disease
often require urgent interventions and demonstrate
multisystem organ involvement

Considering the degree of hospitalization burden, we next
investigated the distribution of organ system involvement
among iIMCD patients + 365 days from diagnosis (Online
Supplementary Methods). Cytopenias were the most com-
mon laboratory abnormalities, experienced by 97.1% (n=99)
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of the cohort. This most frequent abnormality was anemia,
which was present in 87 (85.3%) patients. We also found
large proportions of patients experiencing symptoms or
laboratory abnormalities related to other organ systems,
such as respiratory (n=90, 88.2%), gastrointestinal (n=86,
84.3%), hepatic (n=76, 74.5%), neurological (n=68, 66.7%),
renal (n=63, 61.8%), cardiovascular (n=63, 61.8%), and ocular
(n=27, 26.5%) systems (Figure 3A, Online Supplementary
Tables S5 and S6).

Next, we looked at life-sustaining interventions related to
organ system involvement. We found that 27 (26.5%) pa-
tients required dialysis and 17 (16.7%) patients required a
ventilator during at least one iMCD-related hospitalization.
Additionally, 47 (46.0%) patients required paracentesis, 42
(411%) patients received a red blood cell transfusion, and
22 (21.6%) patients received a platelet transfusion (Figure
3B). These interventions, including all platelet transfusions,
were mostly required for TAFRO patients.

We also quantified the proportion of time patients spent
in a state of flare. We found that NOS patients spent a
significantly greater proportion of time in flare from pre-
sentation until last known follow-up (median [IQR]: 52.3%
[21.0-99.6]) compared to TAFRO patients (18.9% [10.8-52.5],
W=1,673; P=0.004) (Figure 3C, D). Of the eight deceased
patients in this cohort, six had TAFRO and five of these
TAFRO patients died within 2 years of diagnosis. These data
suggest that while TAFRO patients experience a greater
degree of organ failure and more hospital interventions,
NOS patients experience a longer continuation of milder,
chronic symptoms.

Patients with idiopathic multicentric Castleman disease
develop severe disease-related morbidities and
comorbidities following diagnosis

We next sought to identify and quantify the morbidities
and comorbidities occurring both before and after the
diagnosis of iMCD. Prior to the iMCD diagnosis, we found
that the most common conditions diagnosed among the
full cohort were hypertension (n=26, 25.5%), obesity (n=23,
22.5%), asthma (n=21, 20.6%), gastroesophageal reflux
disease (n=14, 13.7%), and depression (n=11, 10.8%) (Figure
4A). Stratification by iMCD subtype did not reveal apparent
differences in conditions identified before the diagnosis of
iMCD (Online Supplementary Figure ST).

Following the iMCD diagnosis, 48% (n=49) of the cohort
developed acute renal failure, 15.7% (n=16) developed chron-
ic kidney disease, 13.7% (n=14) developed iron deficiency
anemia, 10.7% (n=11) developed pneumonia, 6.9% (n=7)
developed sepsis, and 6.9% (n=7) developed thrombotic
microangiopathy (Figure 4B). Acute renal failure was the
most common iMCD-related morbidity diagnosed follow-
ing disease onset in both subtypes (Online Supplementary
Figure S2). Sepsis and thrombotic microangiopathy were,
however, primarily diagnosed in TAFRO patients. We al-
so stratified the top three morbidities arising for the full
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cohort following iMCD onset by organ systems, revealing
other serious conditions such as atypical hemolytic uremic
syndrome (n=5, 4.9%), acute cholecystitis (n=5, 4.9%), and
congestive heart failure (n=4, 3.9%) (Online Supplementary
Table S7). Few malignancies were identified following diag-
nosis; the most common malignancy was papillary thyroid
carcinoma, which occurred in two patients 1.3 and 3.6 years
after iMCD diagnosis (Online Supplementary Table S8).

M. Sarmiento Bustamante et al.

Quality of life is inversely correlated with symptoms in
idiopathic multicentric Castleman disease

We questioned patients about their experiences living
with iMCD by asking about QOL and the presence of on-
going iMCD-related symptoms. Fifty-nine (57.8%) patients
responded. At a median (IQR) of 3.9 (2.3-8.0) years after
diagnosis, iIMCD patients reported a median (IQR) QOL score
of 80 (71.5-90.0) in the EQ-5D-5L, on a scale of 0 to 100
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Figure 3. Patients with idiopathic multicentric Castleman disease experience a range of organ system involvement, require var-
ious hospital interventions, and demonstrate ongoing flares. (A) Organ system involvement in idiopathic multicentric Castleman
disease (iMCD) ranked from most frequently observed to least frequently observed. Over 97% of the iMCD cohort experienced
some hematopoietic dysfunction. Notably, both patients with TAFRO (thrombocytopenia, anasarca, fever/elevated C-reactive
protein, reticulin fibrosis/renal failure, and organomegaly) and those with iMCD not otherwise specified (NOS) experienced sig-
nificant organ system involvement and dysfunction. (B) The severity of organ dysfunction is reflected by the degree of healthcare
intervention(s) required. Over one-quarter of patients (N=27 [26.5%]) required the use of a ventilator, and 17 (16.7%) patients re-
quired dialysis. Additionally, 47 (46.0%) patients required fluid removal (paracentesis), 42 (41.1%) patients received a red blood cell
transfusion, and 22 (21.6%) patients received a platelet transfusion. (C) NOS patients spent a significantly greater proportion of
time in flare from presentation until last known information (median [interquartile range]: 52.3% [21.0-99.6]) compared to TAFRO
patients (18.9% [10.8-52.5], W=1673; P=0.004). (D) Each patient is represented by a vertical bar. The bar extends the length of
follow-up from the start of the first flare. NOS patients are represented on the left, and TAFRO patients are represented on the
right. The blue bars represent the proportion of time NOS patients spent in flare. The red bars represent the proportion of time
TAFRO patients spent in flare. The designation ‘d’ indicates a deceased patient. RBC: red blood cells.
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Figure 4. Patients with idiopathic multicentric Castleman disease have numerous comorbid and morbid conditions contributing
to the burden of the disease. (A) Prior to diagnosis, the most commonly diagnosed comorbidities among the full cohort of patients
with idiopathic multicentric Castleman disease (iMCD) mirrored common comorbidities among the USA population and included
hypertension (N=26, 25.5%), obesity (N=23, 22.5%), asthma (N=21, 20.6%), gastroesophageal reflux disease (N=14, 13.7%), and de-
pression (N=11, 10.8%). (B) Following the diagnosis of iIMCD, patients experienced an array of burdensome comorbidities and mor-
bidities including acute renal failure (N=49, 48.0%), chronic kidney disease/chronic renal insufficiency (N=16, 15.7%) and iron de-
ficiency anemia (N=11, 10.8%) among others. GERD: gastroesophageal reflux disease; ADHD: attention-deficit hyperactivity
disorder; CKD/CRI: chronic kidney disease/chronic renal insufficiency; TMA: thrombotic microangiopathy; OSA: obstructive sleep
apnea; NOS: not otherwise specified; TAFRO: thrombocytopenia, anasarca, fever/elevated C-reactive protein, reticulin fibrosis/

renal failure, and organomegaly.

with O being the worst health imaginable and 100 being the
best health imaginable. This compares to a mean score of
80.4 in the general USA population.?” That same day, the
patients reported a median MCD symptom score of 29.5
(IQR, 20-37; min-max: 16-96) with 16 being the best pos-
sible score (no iIMCD symptoms) and 96 being the worst
possible score. We investigated whether there was any
relationship between a patient’s QOL score and number
of days hospitalized prior to completing the survey, but
did not found a correlation (R=0.038; P=0.8) (Online Sup-
plementary Figure S3). We also looked for differences in
subsequent QOL scores between patients who presented
with severe disease and mild/moderate disease at baseline
as well as between TAFRO and non-TAFRO patients and
found no significant differences between groups (TAFRO vs.
NOS: W=481, P=0.31; severe vs. mild/moderate at baseline:
W=298.5, P=0.61). We determined the correlation between
QOL score and MCD symptom score based on data col-
lected a median (IQR) of 3.9 (2.3-8.0) years after diagnosis.
QOL scores were inversely correlated with MCD symptom
score (R=-0.69; P<0.001) (Figure 5). This negative correlation
appeared to hold for patients with both NOS and TAFRO
subtypes. This suggests that several years after diagnosis,
patients reporting active iMCD symptoms may be having a
decrease in their QOL from those symptoms.
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Figure 5. Quality of life of patients with idiopathic multicentric
Castleman disease is inversely correlated with degree of
symptoms. There is a correlation between quality-of-life score
and idiopathic multicentric Castleman disease (iMCD) symp-
tom score. Lower quality of life correlates with higher iMCD
symptom score and higher quality of life correlates with low-
er iMCD symptom score (R=-0.69, P<0.001). NOS: not otherwise
specified; TAFRO: thrombocytopenia, anasarca, fever/elevat-
ed C-reactive protein, reticulin fibrosis/renal failure, and
organomegaly.
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Discussion

iIMCD is a rare, heterogeneous disorder, and its full impact
on patients’ lives is still not well understood. Since the
consensus diagnostic criteria for iMCD are relatively new,
long-term epidemiological and medical data from patients
with confirmed iMCD are sparse. The ACCELERATE natural
history registry is ideally suited to better understand the
burden of disease as the most extensive source of longi-
tudinal clinical data (median 3.4 years of follow-up after
diagnosis) for these patients. ACCELERATE also provides
independent adjudication about the accuracy of diagnosis
for each patient through a panel of clinicians and hema-
topathologists who are experienced in diagnosing and
treating iMCD."® We found that patients with iMCD require
extensive use of the healthcare system and experience
long-term effects in terms of iMCD-related morbidities
and comorbidities, time in disease flare, and QOL.

There are distinct clinical subtypes of iMCD and, important-
ly, we found differences in the burden of disease between
these subtypes. Patients with TAFRO required significantly
longer stays in hospital and disproportionately required
interventions such as dialysis, mechanical ventilation, and
transfusions, illustrating the severe, life-threatening nature
of this disease. NOS patients, however, spent a significantly
greater proportion of time following diagnosis in a state of
flare compared to TAFRO patients. These data reveal the
challenges iMCD patients experience across the spectrum
of clinical subtypes and severity. The patient-reported out-
come data from our study indicate that patients with both
subtypes continue to experience an impact on their QOL
even years after diagnosis and that persistent iMCD-related
symptoms lower QOL significantly. Notably, QOL scores re-
flect the state of patients who have thus far survived their
disease and may, therefore, be biased towards a healthier
subset of the disease population.

Although NOS patients spent significantly less time in hos-
pital, we found that 51.3% met criteria for severe disease at
presentation. This remains lower than the 93.4% of TAFRO
patients who presented with severe disease. A recent study
from China characterizing 418 iMCD-NOS patients applied
the same definition of severity and found that only 87 (21%)
patients met criteria for severe disease at presentation.”
The researchers also noted a lower 3-year overall survival
rate among NOS patients with severe (76%) compared to
mild/moderate (94%) disease and found that severity at
diagnosis was associated with death. Notably, our study
showed high proportions of patients in both younger (<30
years) and older (>60 years) age groups who presented
with severe disease. In our study, patients under 30 years
old were significantly more likely to present with severe
disease, and nearly all patients <18 years presented with
severe disease. This may be associated with the median age
of the TAFRO subtype of patients being 31 years, compared
to 39 years for patients with iMCD-NOS, and with the fact
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that 93% of TAFRO patients presented with severe disease.
The relatively young age at diagnosis, burden of disease,
and availability of disease-controlling therapies highlight
the importance of rapid diagnosis and treatment.

This study found that iMCD patients experienced a greater
degree of hospitalization than the general population ex-
periences in a given year, with this being primarily due to
the increased rates of hospitalization among iMCD-TAFRO
patients.?’ Our observation that patients required extensive
hospital care in the year surrounding diagnosis is consis-
tent with the findings of a recent claims-based study.”” We
found that 4 weeks after the first-administered treatment
regimen, the proportion of hospitalized patients decreased
significantly, including patients treated with siltuximab *
corticosteroids (34% vs. 6%), which is the current consen-
sus first-line recommendation.”

We also found that the conditions most frequently diag-
nosed in our cohort prior to the diagnosis of iMCD were
similar to those among the general USA population. A report
from the Agency for Healthcare Research and Quality found
that hypertension, diabetes, and chronic respiratory disease
were among the most common conditions associated with
inpatient stays and that depression was present in 10% of
patients requiring admission to hospital,?? which is similar
to the findings in our cohort prior to the diagnosis of iMCD.
We did not identify a condition present in a large proportion
of iIMCD patients prior to the iMCD diagnosis that might
suggest a predisposition or trigger to iMCD, which has an
as-yet-unknown etiology. Following the diagnosis of iMCD,
patients in both the TAFRO and NOS subtypes developed
life-threatening morbidities, most commonly acute renal
failure. Consistent with previous reports, we found a high
degree of both renal and hepatic dysfunction.”

In this cohort, few patients developed a malignancy following
the diagnosis of iMCD. In fact, only one patient developed
a myeloid malignancy (myelodysplastic syndrome), which
contrasts with a key finding from a systematic literature
review and a claims-based study that found an increase in
myeloid and solid malignancies."?* No patients developed
diffuse large B-cell lymphoma despite previous reports of
its association with MCD, though predominantly in human
herpes virus 8-positive MCD.?*2¢ We found that our rate
of malignancies was comparable to that in the control
population in the claims-based study.” This discrepancy
may be due to insufficient follow-up time to detect sub-
sequent malignancies or to more rigorous validation of the
iMCD diagnosis in our cohort and recent formalization of
exclusion criteria for iIMCD. Specifically, iMCD diagnostic
criteria preclude patients from being concurrently diag-
nosed with iMCD and a number of malignancies, given the
overlapping histopathology and the fact that malignancies
can cause reactive lymph node changes that resemble
iMCD. It is, therefore, possible that some patients in the
claims-based study who should have only been classi-
fied as having a malignancy were incorrectly classified as
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having both. Conversely, our strict inclusion criteria might
have inadvertently excluded true iMCD patients who also
developed malignancies.

This study has several limitations. First, 13 patients with
the NOS subtype met the criteria for idiopathic plasmacytic
lymphadenopathy (thrombocytosis and hypergammaglob-
ulinemia) and may represent a distinct subtype from other
iMCD-NOS patients.?” Due to the low number of patients
and the similar, more moderate presentation, these patients
were combined with other non-TAFRO patients in the NOS
category.® Second, our study included a larger proportion
of TAFRO patients than NOS patients, so may not be repre-
sentative of the whole iMCD population. To address this, we
stratified our analyses between TAFRO and NOS subtypes.
It is possible that the higher number of TAFRO patients in
this study is a result of patients with more severe disease
being more likely to seek resources online and thus enroll
into the ACCELERATE registry. However, the study design
for our registry is biased towards patients who survive and
who are able to enroll themselves into a registry compared
to patients who die shortly after diagnosis and would need
a family member to enroll them.

Ultimately, our data demonstrate that an iMCD diagnosis
imparts a long-term burden of disease on patients which
results in high rates of hospitalization, the development of
life-threatening iMCD-related morbidities and comorbidities
requiring intensive interventions, and reduced QOL from
active symptoms. These data demonstrate the importance
of ongoing research into iMCD, the need to recognize and
diagnose iMCD sooner, and the relevance of focused efforts
to identify diagnostic and/or disease biomarkers to aid in
disease management.
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