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Abstract: Castleman disease (CD) has been reported as a group of poorly understood lymphoproliferative disorders,
including unicentric CD (UCD) and idiopathic multicentric CD (iMCD) which are human immunodeficiency virus (HIV)
negative and human herpes virus 8 (HHV-8) negative. The clinical and independent prognostic factors of CD remain
poorly elucidated. We retrospectively collected the clinical information of 428 patients with HIV and HHV-8 negative
CD from 12 large medical centers with 15-year follow-up. We analyzed the clinicopathologic features of 428 patients
(248 with UCD and 180 with iMCD) with a median age of 41 years. The histology subtypes were hyaline-vascular
(HV) histopathology for 215 patients (56.58%) and plasmacytic (PC) histopathology for 165 patients (43.42%). Most
patients with UCD underwent surgical excision, whereas the treatment strategies of patients with iMCD were het-
erogeneous. The outcome for patients with UCD was better than that for patients with iMCD, 5-year overall survival
(OS) rates were 95% and 74%, respectively. In further analysis, a multivariate analysis using a Cox regression model
revealed that PC subtype, hepatomegaly and/or splenomegaly, hemoglobin < 80 g/L, and albumin < 30 g/L were
independent prognostic factors of CD for OS. The model of iMCD revealed that age > 60 years, hepatomegaly and/or
splenomegaly, and hemoglobin < 80 g/L were independent risk factors. In UCD, single-factor analysis identified two
significant risk factors: hemoglobin < 100 g/L and albumin <30 g/L. Our study emphasizes the distinction of clinical
characteristics between UCD and iMCD. The importance of poor risk factors of different clinical classifications may
direct more precise and appropriate treatment strategies.
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Introduction was first described by Dr. Benjamin Castleman
in 1956 [1]. According to clinical features and
Castleman disease (CD) is a heterogeneous the distribution of enlarged lymph nodes, CD

group of rare lymphoproliferative disorders that can be subclassified into unicentric CD (UCD)
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and multicentric CD (MCD). MCD is more
aggressive and is frequently found in patients
with human herpes virus 8 (HHV-8) and human
immunodeficiency virus (HIV) infection, while
MCD without HHV-8 and HIV infection is classi-
fied asidiopathic MCD (iMCD) [2]. Pathologically,
CD can be classified into the hyaline-vascular
(HV) variant and the plasmacytic (PC) variant
[3]. The HV type is more common in patients
with UCD, and the PC type is more common in
patients with MCD.

As the etiology and pathogenesis of CD are
unclear, the clinical characteristics and treat-
ment options remain vague. The symptoms of
UCD are often lighter, and most are related to
enlarged lymph nodes and subsequent com-
pression of adjacent tissues. Complete resec-
tion of the involved lesion is considered as the
golden standard treatment [4]. The clinical pre-
sentation of HHV-8-associated MCD and iMCD
varies from mild symptoms to life-threatening
cytokine storms, which can both present with
recurrent episodes of diffuse lymphadenopathy
with systemic inflammatory symptoms, polyse-
rositis, anemia, hypoalbuminemia, and multiple
organ system dysfunctions. It can be fatal if
improperly treated, and it easily develops into
hematologic malignancies [5]. Because of the
increasing attention on CD, especially iMCD,
which has poor prognosis, an international
expert group proposed an international con-
sensus on the diagnosis and treatment of iIMCD
[6, 7].

Because of its rarity, current studies are mostly
retrospective or case reports from single insti-
tutions. Here, we analyzed the clinical, labora-
tory, pathologic, and treatment data and the
prognosis of 428 patients with CD from 12
major academic medical centers with 15-year
follow-up in China and the US to better under-
stand the disease. Through our retrospective
study, we hope to improve our understanding of
CD and optimize the diagnosis and prognosis.
To the best of our knowledge, this study com-
prises the largest sample size currently an-
alyzed.

Materials and methods
Patients

To establish the study cohort, we collected data
of 428 patients with CD from 10 large medical
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centers in China (Sun Yat-Sen University Can-
cer Center, Sun Yat-sen Memorial Hospital, The
First Affiliated Hospital of Sun Yat-Sen Uni-
versity, Guangdong Provincial People’s Hospi-
tal, The First Affiliated Hospital of Zhejiang
University, The Second Affiliated Hospital of
Zhejiang University, Tianjin Medical University
Cancer Hospital, Shandong Provincial Cancer
Hospital, Jiangsu Nanjing University Hospital,
and Shanxi Provincial Cancer Hospital) and two
in the US (University of Texas M. D. Anderson
Cancer Center and Indiana School of Medicine)
between January 1994 and December 2017,
which included 355 Asian and 73 American
patients. All patients presented with an en-
larged lymph node area, and CD diagnosis was
confirmed based on international, evidence-
based consensus diagnostic criteria for UCD
and iMCD [7-9]. We excluded patients with
lymph node hyperplastic disease, rheumatic
disease, malignant tumor, and polyneuropa-
thy, organomegaly, endocrinopathy, monoclo-
nal protein, and skin changes (POEMS) syn-
drome and other diseases.

We collected the clinical information, including
gender, age, race, clinical characteristics, labo-
ratory results, radiological findings, pathologic
types, and treatment strategies from the medi-
cal records. B symptoms were defined as fever
above 38°C, night sweats, or weight loss > 10%
in the past 6 months. Treatment options includ-
ed surgery, corticosteroids, cyclophosphamide,
chemotherapy, rituximab, anti-interleukin-6 (IL-
6) monoclonal antibody, thalidomide, radiation
therapy, and watching and waiting. The dose,
order, and regimen of drugs administered var-
ied across patients.

Follow-up

All patients were followed up by outpatient ser-
vices or over telephonic conversations (follow-
up every 1 to 3 months). The last follow-up
date was January 2018, and detailed follow-up
records are available for 365 of total 428
patients. The median follow-up time was 41
months (range, 1 to 279 months). Overall sur-
vival (OS) was defined as the time from patho-
logical diagnosis until death, loss to follow-up,
or last follow-up. Treatment failure was defined
as recurrence, disease progression, or death
of any cause. Relapse or progression was
determined by the Lugano classification. The
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Table 1. The baseline demographic clinical features of patients with CD in our cohort (N = 428)

Total ucb iMCD

- - P value
N N No. of patients N (%) N No. of patients N (%)
Gender 428 248 180 0.2237
Male 112 (45.16) 92 (51.11)
Female 136 (54.84) 88 (48.89)
Age (years) 394 235 159 < 0.0001
<40 136 (57.87) 54 (33.96)
40 <age <60 75 (31.91) 77 (48.43)
> 60 24 (10.21) 28 (17.61)
Ethnicity 428 248 180 0.9379
American 42 (16.94) 31 (17.22)
Asian 206 (83.06) 149 (82.78)
Histological subtype 380 221 159 < 0.0001
HV 170 (76.92) 45 (28.30)
PC 51 (23.08) 114 (71.70)
Clinical manifestation
Fever 428 248 5 (2.02) 180 33(18.33) < 0.0001
Fatigue 428 248 11 (4.44) 180 34 (18.89) < 0.0001
Pain 428 248 39 (15.73) 180 30 (16.67) 0.7938
B symptom 428 248 16 (6.45) 180 58 (32.22) < 0.0001
ECOG 273 122 102 < 0.0001
0-2 122 (100) 78 (76.47)
35 0 24 (23.53)

CD, Castleman disease; UCD, unicentric Castleman disease; iMCD, idiopathic multicentric Castleman disease; HV, hyaline-vas-
cular variant; PC, plasmacell variant; MIX, mixed cellular variant. B symptom include fever (above 38°C), night sweats, weight
loss (more than 10% within 6 months). American include White, Black and Hispanic. The N(x) presents the number of patients
and the percentage of each group. UCD and iMCD groups were compared by chi-square test. There is statistic difference when
P <0.05.

response was defined as complete response
(CR) or partial response (PR), which was evalu-
ated by the Castleman Disease Collaborative
Network (CDCN). Some cases in this group
were not included due to the lack of objective
examination data (such as computerized to-
mography detection of changes in mass size),
resulting in the number of efficacy evaluations
being lower than the number of follow-up vi-
sits. Patients with survival times longer than 15
years were not included in the follow-up evalua-
tion of risk factors affecting prognosis.

Statistical analysis

Statistical analyses were carried out using
SPSS 22.0 (IBM, Armonk, NY, USA). Descriptive
statistics were used to analyze the characteris-
tics and treatment outcomes. Different groups
were compared using chi-square and Fisher’s
exact. We used the Kaplan-Meier method to
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perform univariate analyses of possible prog-
nostic factors for 0S, and the log-rank test was
used to analyze the survival rate between the
two groups. GraphPad Prism software (Graph-
Pad Software, San Diego, California, USA) was
used to draw survival curves and to analyze the
influence of single factors on OS. Finally, the
Cox regression model was used to analyze
independent prognostic factors in CD or iMCD.
A logarithmic rank test was used to calculate
the P value, and P < 0.05 was considered to
indicate statistical significance.

Results
UCD vs. iMCD

We compared the clinical characteristics bet-
ween patients with UCD and iMCD. The results
are shown in Table 1. Histopathological and
radiological findings were used to classify the
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Figure 1. Correlation between the location and nationality of the affected
lymph node and UCD/iMCD. Two patients who survived for more than 15
years were excluded. UCD, unicentric castleman disease. iMCD, idiopatic

multicentric castleman disease.

patients as UCD (n = 248) and iMCD (n =
180). The group consisted of Asians (n = 355),
Americans (n = 73), and patients of unknown
nationality (Figure 1). Of the available data (n =
394), the median age was 41 years. Patients
with UCD (median age, 38 years; range, 7 to 84
years) were significantly younger than patients
with IMCD (median age, 47 years; range, 11 to
75 years). There was also a significant differ-
ence in age (age <40 vs. 40 < age <60 vs. age
> 60) between patients with UCD and iMCD.

The lymph nodes of most patients with UCD
were histologically classified as HV subtype
(76.92%). Most lymph nodes of patients with
iMCD were of the PC subtype (71.7%), with only
28.3% being of the HV subtype (Table 1).
Patients with iMCD commonly had sympto-
ms of systemic inflammation. Fever (33/180,
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18.33%), fatigue (34/180,
18.89%), and B symptoms
(58/180, 32.22%) occurred
more frequently in patients
with iMCD. In patients with
UCD, the most common inva-
sions were head/neck (36.3%)
and abdomen (34.7%), and in
some patients the mediasti-
num was also involved (15.4%).
iMCD was mainly found in the
head/neck (26%) and armpit
(20.7%) (Figure 1). However,
UCD had larger masses than
iMCD, with a mean size of 46
mm (maximum diameter ran-
ge, 20-110 mm) compared
with the 23 mm masses of
iMCD (maximum diameter ran-
ge, 10-100 mm) (P < 0.01).
There was also a rare case of
family history of iMCD in the
US, one brother with UCD and
one daughter with iMCD.

Laboratory findings

_;)\\(" At presentation, patients wi-
¥ th iIMCD commonly had symp-
toms of systemic inflammation
(Table 2). iIMCD were much
more likely to experience ane-
mia than UCD (P < 0.01). Of
the 409 patients whose plate-
let counts were measured, pla-
telet count less than 100 x
10°%/L occurred in 19 of the iMCD, which com-
pared with 5 of UCD (P < 0.01). Elevation of
B2-microglobulin, alkaline phosphatase, C-rea-
ctive protein, and erythrocyte sedimentation
rate were significantly more common in iMCD
than in UCD (P < 0.01). Among patients with
iIMCD, 58.24% had decreased albumin, where-
as in patients with UCD, the percentage was
22.73% (P < 0.01). Of the 428 patients who
had the record data of computed tomography
or color ultrasonic, patients with iMCD fre-
quently presented with serous effusion (46/
180, 25.55%) and hepatomegaly and/or sple-
nomegaly (71/180, 39.44%; P < 0.01).

Histopathological findings

Considering that this study was conducted over
a considerable period of time, some pathologi-
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Table 2. The baseline laboratory results of patients with CD in our cohort (N = 428)

Total uch iMCD
N N No. of patients No.of patients P value
N (%) N (%)

WBC 410 233 177 0.0141

<4 x 10°%L 18 (7.73) 23(12.99)

4-10 x 10°/L 195 (83.69) 127 (71.75)

> 10 x 10%/L 20 (8.58) 27 (15.25)
Hemoglobin 410 233 177

<100 g/L 12 (5.15) 56 (31.64) < 0.0001

<80¢g/L 3(1.29) 27 (15.25) < 0.0001
Platelets 409 232 177 < 0.0001

<100 x 10°/L 5 (2.16) 19 (10.73)

100-300 x 10°%/L 186 (80.17) 96 (54.24)

> 300 x 10%/L 41 (17.67) 62 (35.03)
Serous effusion 428 248 5(2.02) 180 46 (25.55) < 0.0001
Hepatomegaly and/or splenomegaly 428 248 6 (2.42) 180 71 (39.44) < 0.0001
Mass > 5 cm 331 194 88 (45.36) 137 24 (17.52) < 0.0001
Elevated LDH 355 201 13 (6.47) 154 23 (14.94) 0.0088
Elevated B2-MG 226 113 13 (11.50) 113 81 (71.68) < 0.0001
Elevated ESR 169 62 14 (22.58) 107 56 (52.34) 0.0001
Decreased Alb 245 154 35 (22.73) 91 53 (58.24) < 0.0001
Elevated CRP 176 78 17 (21.79) 98 56 (57.14) < 0.0001
Elevated AKP 218 119 10 (8.40) 99 26 (26.26) 0.0004

WBC, white blood cells. Serous effusion includes pleural effusion, abdominal effusion, pericardial effusion, and pelvic effusion.
Elevated LDH, lactate dehydrogenase over test baseline. Elevated B2-MG, B2 microglobulin > 2.4 mg/L. Elevated ESR, erythro-
cyte sedimentation rate > 20 mm/h. Decreased ALB, albumin < 40 g/L. Elevated CRP, C-reactive protein > 10 mg/L. Elevated
AKP, alkaline phosphatase > 126 U/L. The N(x) presents the number of patients and the percentage of each group. UCD and
iMCD groups were compared by chi-square test. P < 0.05 was considered to indicate significant differences.

cal diagnoses were not covered in a standard-
ized or comprehensive manner in the early
years of the study. Therefore, in the histopatho-
logical analysis, we only included 380 cases
with detailed pathological diagnosis records
(Table 3). Of 380 CD cases, 215 (56.58%)
could be classified as HV subtype, and 165
(43.42%) could be classified as PC subtype.
Patients with HV subtype (median age, 37
years; range, 7 to 81 years) were younger than
patients with PC subtype (median age, 48
years; range, 10 to 84 years). Most patients
with PC subtype had obvious systemic symp-
toms and showed significant changes in labora-
tory indicators. Elevation of lactate dehydroge-
nase, 32-microglobulin, alkaline phosphatase,
and C-reactive protein were significantly more
common in patients with PC subtype (P < 0.01).
Of 68 (85%) cases with PC subtype also accom-
panied with decreased albumin and this patient
group often presented with anemia and throm-
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bocytopenia (P < 0.01). In contrast, patients
with HV subtype had fewer symptoms and
inflammatory changes.

Treatment outcome

Among the 417 patients with relatively com-
plete treatment data, there were 243 UCD
cases and 174 iMCD cases. The curative effect
was calculated according to the treatment
options (Table 4). Information with respect to
treatment outcome was analyzed to effectively
assess treatment effects. Only some patients
had a detailed treatment evaluation.

Complete surgical resection was performed in
230 (94.65%) patients diagnosed with UCD as
first-line treatment. Ten patients received dr-
ugs or radiation with surgical biopsy, and two
patients chose to watch and wait. Of these
patients, 126 (92.65%) who underwent com-
plete surgical resection achieved a response,

Am J Cancer Res 2022;12(9):4227-4240
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Table 3. The baseline demographic clinical features of patients with CD in our cohort (n = 380)

Total HV PC
N N No. of patients No. of patients P value
N (%) N (%)
Clinical subtype 380 215 165 < 0.0001
ucb 170 (79.07) 51 (30.91)
iMCD 45 (20.93) 114 (69.09)
Gender 380 215 165 0.3155
Male 97 (45.12) 83 (50.30)
Female 118 (54.88) 82 (49.70)
Age (years) 360 212 148 < 0.0001
<40 127 (59.91) 47 (31.76)
40 < age <60 65 (30.66) 72 (48.65)
> 60 20 (9.43) 29 (19.59)
Ethnicity 380 215 165 0.1344
American 47 (21.86) 26 (15.76)
Asian 168 (78.14) 139 (84.24)
Clinical manifestation
Fatigue 380 215 12 (5.58) 165 29 (17.58) 0.0001
Pain 380 215 31(14.42) 165 27 (16.36) 0.6012
B symptom 380 215 20 (9.30) 165 54 (32.73) < 0.0001
ECOG 212 132 80 < 0.0001
0-2 131 (99.24) 58 (72.50)
35 1(0.76) 22 (27.50)
WBC 364 207 157 0.0373
<4 x10°%/L 18 (8.70) 16 (10.19)
4-10 x 10%/L 172 (83.09) 115 (73.25)
> 10 x 10%/L 17 (8.21) 26 (16.56)
Hemoglobin
<100 g/L 364 207 11 (5.31) 157 51 (32.48) < 0.0001
<80¢g/L 364 207 5(2.42) 157 28 (17.83) < 0.0001
Platelets 363 207 156 < 0.0001
<100 x 10°%/L 1(0.48) 17 (10.90)
100-300 x 10°/L 165 (79.71) 86 (55.13)
> 300 x 10%/L 41 (19.81) 53 (33.97)
Serous effusion 380 215 9 (4.19) 165 38 (23.03) < 0.0001
Hepatomegaly and/or Splenomegaly 380 215 12 (5.58) 165 54 (32.73) < 0.0001
Mass > 5 cm 311 194 82 (42.27) 117 27 (23.08) 0.0006
Elevated LDH 308 173 8 (4.62) 135 23 (17.04) 0.0003
Elevated B2-MG 185 78 15 (19.23) 107 66 (61.68) < 0.0001
Elevated ESR 149 58 14 (24.14) 91 47 (51.65) 0.0008
Elevated CRP 158 89 15 (16.85) 69 46 (66.67) < 0.0001
Decreased Alb 245 165 71 (43.03) 80 68 (85.00) < 0.0001
Elevated AKP 176 78 11 (14.10) 98 19 (19.39) 0.4220

The N(x) presents the number of patients and the percentage of each group. HV and PC groups were compared by chi-square
test. P < 0.05 was considered to indicate significant differences.

and 10 (7.35%) patients suffered from disease
recurrence or progression. Of these 10 pa-

tients, two patients who underwent re-opera-
tion achieved CR, and two patients achieved
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Table 4. Treatment outcomes of patients with CD

Patients with

) Patients with No Treatment
First-line Patients follow-up data treatmgnt Response* response*  failure*

(N) N) evaluation (N) N) N)

data (N)

ucb 243 201 145 129 3 13
Surgery (total excision) 230 189 136 126 1 9
Drugs or radiation with surgical biopsy 10 9 9 4 1 4
Watch and wait 3 3 3 3 / /
iMCD* 170 153 120 55 27 38
Corticosteroid monotherapy 13 13 7 2 4
CTX/Thalidomide/Rituximab + Corticosteroid 13 9 7 4
Cytotoxic chemotherapy 75 71 59 32 13 14
CHOP or CHOP-like 56 54 46 22 14 10
Rituximab based (R-CHOP or R-COP) 17 15 14 9 1 4
Others* 2 2 1 1 / /
Anti-interleukin 6 monoclonal antibody* 8 8 8 4 1 3
Tocilizumab with other agents 1 / / /
Siltuximab with or without any agent 7 7 6 3 1 2
Watch and wait (include biopsy) 61 52 26 13 7 6

The treatment of patients with iMCD excluded one patient who received biopsy and radiotherapy, one patient who received cyclophosphamide
monotherapy, and two patients who received rituximab monotherapy, because of the low numbers of cases. CHOP includes cyclophosphamide,
doxorubicin, vincristine, and prednisone. CHOP-like is based on COP. *Others include fludarabine/cyclophosphamide and cyclophosphamide/
Vindesine cytotoxic chemotherapy, excluding CHOP-like or R-CHOP-like. Anti-interleukin-6 monoclonal antibody was always used in combination
with drugs such as thalidomide and corticosteroid. The proportion alive at follow-up only includes patients with available treatment information.
*Response = complete remission and partial remission; *No response = stable disease; *Failure = disease progression, invalidity, or death.

CR and PR after cyclophosphamide/doxorubi- a CHOP-like regimen, 22 patients (47.8%) sh-
cin/vincristine/prednisone (CHOP) treatment or owed a response, and treatment failed in 10
radiotherapy. Among the patients who received (21.73%) patients (P > 0.05). In the present
drug or radiation treatment with surgical bio- study, seven patients were treated with siltux-
psy (R-CHOP/CHOP, rituximab monotherapy, imab monotherapy or siltuximab combined with
and radiotherapy), four patients achieved CR/ other drugs; of these patients, three achieved
PR, two patients achieved a stable condition, CR/PR, and treatment failed in one patient,
and two patients progressed (one patient who despite autologous stem cell transplantation

after combination therapy. Only one patient
chose tocilizumab with other drugs who achie-
ved CR. Among the 61 patients who chose to
watch and wait, 13 cases improved spontane-
ously and 6 did not. Due to the lack of detailed
clinical and laboratory data, it was difficult to

Treatments differed considerably among pa- further analyze these patients.
tients with iIMCD. Among the 13 patients tre-
ated with glucocorticoid monotherapy, two
patients achieved CR/PR. The curative effects

received cyclophosphamide combined with
hormone and one patient who received ritux-
imab). Two other patients chose to watch and
wait; the mass shrank spontaneously, and the
patients achieved CR.

Univariate survival analysis

In the present study, follow-up data were avail-

of glucocorticoid monotherapy and of glucocor- able for 365 patients with CD (203 with UCD
ticoid combined with other drugs were not sig- and 160 with iMCD), excluding two patients
nificantly different (P > 0.05). Most patients with CD who survived for more than 15 years.
(75/174, 43.1%) chose chemotherapy. Among The median follow-up time for CD was 41
the 17 patients treated with rituximab-based months (range, 0.53 to 173.6 months). By the
chemotherapy (R-CHOP or R-COP), 9 patients last follow-up, 50 patients were dead (7 UCD
(64.28%) showed a response, and treatment cases and 43 iMCD cases). In the group of
failed in four (28.57%) patients (P > 0.05). UCD, one patient died of unknown cause who
Among the 56 patients who received CHOP or was a 33-year-old female with severe anemia,

4233 Am J Cancer Res 2022;12(9):4227-4240
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Figure 2. Overall survival of multicentricity and nationality in patients with CD. Patients with iMCD (A) was correlated
with significantly poorer overall survival. Asian patients with CD (B) or iMCD (C) were correlated with inferior overall
survival. (D) There was no difference between patients with UCD for Asian and Amierican. Two patients who survived
for more than 15 years were excluded. CD, castleman disease. iMCD, idiopatic multicentric castleman disease.

high ESR, and low protein at onset; a 27-year-
old female with paraneoplastic pemphigus who
died of disease recurrence and progression; a
50-year-old male with renal insufficiency died
of disease recurrence and progression; a
28-year-old male who died of recurrent disease
progression; a 54-year-old male, died of cere-
brovascular accident and the remaining two
patients died of unknown cause who were of
no obvious special. In the group of iIMCD, 22
patients died of disease progression and recur-
rence, 2 patients died of infection. The cause of
death in 5 cases was unknown, but they all
complicated other diseases or diagnosed se-
vere iIMCD. There were 2 patients died of car-
diovascular accidents and the remaining 12
cases had unknown causes of death. The
5-year OS of patients with CD was 87%. For
patients with UCD, the 5-year OS was 95%. For
patients with iMCD, the 5-year OS was 74%.
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The log-rank test for OS showed a significant
difference between UCD and iMCD (P < 0.001).

Using the Kaplan-Meier method and the log-
rank test, we conducted a univariate analysis
and identified 10 significant risk factors of CD:
multicentricity (Figure 2), age > 60 years, PC
subtype, fever, B symptoms, serous effusion,
hepatomegaly and/or splenomegaly, hemoglo-
bin < 80 g/L, albumin < 30 g/L, and elevation
of erythrocyte sedimentation rate and 2-mic-
roglobulin (P < 0.05; some results showed in
Figure S1). The survival rate was lower among
the Asian population than among the American
population (P < 0.05; Figure 2).

UCD had a good prognosis after primary lesion
resection, while iMCD had a poor prognosis.
In UCD, we identified two significant risk fac-
tors: hemoglobin < 100 g/L and albumin < 30
g/L (Figure 3). In this study, serous effusion, he-
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Figure 3. Overall survival of hemoglobin and albumin in patients with UCD. (A) Hemoglobin < 100 g/L and (B) Albu-
min < 30 g/L were associated with poor prognosis in patients with UCD. One patient who survived for more than 15
years were excluded. CD, castleman disease. UCD, unicentric castleman disease.

patomegaly and/or splenomegaly, leukopenia,
and albumin < 30 g/L were significantly associ-
ated with OS of patients with iMCD (P < 0.001;
Figure 4). Age > 60 years, B symptoms, and
hemoglobin < 80 g/L were also associated
with OS of patients with iMCD (P < 0.05), but
PC subtype did not correlate with better OS,
although a trend toward better survival is
suggested among HV subtype (Figure 4). The
patients with iMCD who chose to watch and
wait had a poorer prognosis than patients with
iMCD who were treated (P < 0.05).

Multivariate analysis of risk factors

The Cox proportional hazards model was used
to perform a multivariate analysis of factors
affecting CD, including multicentricity, patho-
logical subtype, age, B symptoms, hepatomeg-
aly and/or splenomegaly, hemoglobin <80 g/L,
and albumin < 30 g/L. The results showed that
PC subtype, hepatomegaly and/or splenomega-
ly, hemoglobin < 80 g/L, and albumin <30 g/L
were independently associated with OS (Table
5). Further, we generated a model of iMCD,
including pathological subtype, age, B symp-
toms, serous effusion, hepatomegaly and/or
splenomegaly, leukopenia, hemoglobin < 80
g/L, and albumin < 30 g/L. The results showed
that age > 60 years, hepatomegaly and/or sple-
nomegaly, and hemoglobin < 80 g/L were inde-
pendent risk factors for the prognosis of iMCD
(Table 5).

Discussion

Most studies on clinical, laboratory, treatment,
and prognosis data of patients with CD are sin-
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gle randomized and controlled trials, small
series research, and case reports [10, 11]. In
order to obtain more information, we perform-
ed a large study of patients with CD from
Chinese and American medical centers, which
comprises the largest sample size reported
thus far and different ethnic groups with 15-
year follow-up. In particular, our study provides
valuable and comprehensive information on
clinical characteristics and prognostic factors
that advance our understanding of CD, espe-
cially iMCD.

We show the heterogeneity between patients
with UCD and iMCD as well as within each path-
ological subtype. CD affects patients of all
ages, with a peak frequency during adulthood.
The median age of patients with UCD (38 years)
was significantly lower than that of patients
with iIMCD (47 years), which is consistent with
the median age of Japanese (43 years, n =
342) and American (55 years, n = 59) patients
with MCD [12, 13]. Consistent with previous
studies, the changes in symptoms and labora-
tory indicators were more pronounced in iMCD,
and the masses of UCD were larger than those
of iMCD [13-15]. A few cases of UCD also had
systemic inflammation, aggressive symptoms,
and abnormal laboratory results, although
these indicators lacked diagnostic specificity.
There is a certain proportion of crossover bet-
ween UCD and iMCD in all aspects. Pathologi-
cal changes are the basis of clinical manifesta-
tion. The HV subtype was more prevalent in
patients with UCD (76.92%), and the PC sub-
type was more prevalent in patients with iMCD
(71.7%), as we reported before [15, 16]. The
differences in clinical manifestations between
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Figure 4. Overall survival rate of patients with
iMCD. (A) PC subtype did not correlate with bet-
ter OS. (B) age, (C) Elevated or decreased white
blood cell counts, (D) hemoglobin < 80 g/L, (E)
Albumin < 30 g/L, and (F) elevated erythrocyte
sedimentation rate > 20 mm/h, (G) B symptoms,
(H) serous effusion, and (l) hepatomegaly and/or
splenomegaly were correlated with poor overall
survival in patients with iMCD. One patient who
survived for more than 15 years were excluded.
iMCD, idiopatic multicentric castleman disease.
PC subtype, plasmacytic subtype.
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Table 5. Multivariate analysis of CD and iMCD

reported to be low. In the present

OS in patients with CD

analysis, the effective rate of 13

Factor HR 95% CI P value* patlgntfj who :hnderwent g|tl)JCO;
PC subtype 3.853 1.587-9.357 0.0029 corticold monotherapy was abou
Hepator}::egaly and/or splenomegaly 3.495 1.626-7.511 0.0013 80% and 50% of patients with
: ’ ’ ' ' iMCD are resistant to glucocorti-
Hemoglobin (£ 80 g/L) 2.290 1.028-5.101 0.0042 coids. The CR and PR rates with
Albumin (£ 30 g/L) 1.671 1.068-2.614 0.0247 rituximab or rituximab-based ch-
iMCD 1.655 0.490-5.589 0.3617 emotherapy regimens as first-
Factor OS in patients with iMCD line therapy were 20% and 48%,
HR 95% Cl P value* respectively. Cytotoxic chemoth-

Age (>60 years) 2.288 1.307-4.003 0.0037 erapy may induce responses,
Hepatomegaly and/or splenomegaly 3.248 1.532-7.314 0.0024 and the overall remission rate of
Hemoglobin (< 80 g/L) 2.699 1.133-6.431 0.0250 chemotherapy can be as high as
PC subtype 1.360 0.3884.763 0.1948 78%, but many patients will pr-

*P values < 0.05 shown as bold indicated a statistically significant difference.

patients with PC and patients with HV were
similar to those between patients with iMCD
and patients with UCD. The pathological chang-
es are the basis of the clinical manifestations.
It may related to the differences between the
pathogeneses of CD and elderly people often
accompanied by immunodeficiency. It has been
hypothesized that it involves autoimmunity/
auto-inflammation, paraneoplastic syndrome,
and viral infection [16, 17]. In our analysis,
there was a patient with one brother who had
UCD and one daughter who had iMCD. A family
history of iMCD has also been found in a previ-
ous study, with two patients who had a FAS
mutation [18]. Another study found that muta-
tion of the MEFV gene may contribute to sys-
temic reactions of MCD [19]. Due to the lack of
second-generation sequencing, we were una-
ble to identify the pathogenesis in this study.

Great differences with respect to treatment
were observed between patients with UCD and
iMCD. For patients with UCD, complete resec-
tion of the involved lesion is considered as the
golden standard treatment, and the 5-year OS
rate approaches 100% [8]. Unlike UCD, no stan-
dard treatment has been established for iMCD,
and the outcome is less favorable. A variety of
agents have been used to treat MCD, including
corticosteroids, cytotoxic chemotherapy, tha-
lidomide, immunoglobulin, rituximab, anti-IL-6
antibody (siltuximab and tocilizumab), and
mTOR pathway inhibitors [20-22]. Corticoste-
roids can quickly and effectively relieve clinical
symptoms, which is a major advantage over
other drugs. However, the CR rate has been
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ogress or experience infectious
toxicities [6, 15, 20]. In our study,
only two patients chose ritux-
imab monotherapy, compared with 75 patients
who chose chemotherapy. Of these 75 pa-
tients, 17 (22.67%) patients chose R-CHOP/R-
CHOP-like treatment, and others chose CHOP/
CHOP-like treatment. The remission rate of cy-
totoxic chemotherapy was over 50%, which was
not significantly different from that of other
treatment regimens, but considerable toxicity
and frequent relapses deter its use [23, 24].
Considering the increased expression of IL-6,
anti-IL-6 therapy may be more beneficial [9].
Due to drug inaccessibility, few patients re-
ceived the new drugs. Only 11 patients were
treated with anti-IL-6 therapy; of these, eight
cases were treated with siltuximab, with an
effective rate of 42.85% (3/7), similar to the
34% remission rate of siltuximab observed in
the only randomized controlled trial of iMCD
[22], but there was no obvious advantage com-
pared with other treatment groups. For iMCD
with no obvious symptoms, watching and wait-
ing can be chosen. However, the failure rate of
watching and waiting was 50% (13/26), sug-
gesting that long-term observation and timely
treatment are necessary. In conclusion, the
treatment regimen must be selected based on
drug accessibility and experiences. The severi-
ty, prognostic factors, and biomarkers that are
available to select patients who will respond to
these treatments are limited, which need more
studies.

In the present study, the different prognostic
factors between CD and iMCD may be related
to the overall effect of UCD inclusion in the
analysis or statistical bias. By single-factor
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analysis, anemia and hypoproteinemia also
affect UCD, as reported by Lan X et al [16, 25].
Patients with iIMCD had significantly worse sur-
vival rates, with a 5-year OS of 74% (P < 0.001),
which is consistent with previous reports [26,
27]. Due to the lack of an optimal treatment for
iMCD, it is important to identify prognostic fac-
tors to help determine treatment strategies.
Meta-analysis of 416 cases has suggested five
prognostic factors by univariate analysis, in-
cluding multicentricity, pathology type, the pre-
sence of symptoms, gender, and age [27]. A
study reported by the MD Anderson Cancer
Center suggested that multicentricity, PC sub-
type, and anemia were associated with poor
prognosis in patients from North America [15].
In our study, PC subtype and anemia were
associated with poor prognosis. A retrospective
study executed by Peking University obtained
similar results [28]. Hepatomegaly and/or sple-
nomegaly is a common symptom in iMCD [13,
15, 29, 30]. Furthermore, previous studies
found that hypoproteinemia is an independent
prognostic risk factor in HIV-negative patients
with CD (n = 71) and patients with MCD (n =
185) [25, 31]. We also found that hypoprotein-
emia (£ 30 g/L) is an independent risk fac-
tor for patients with CD and for patients with
iMCD. Other unfavorable prognostic factors
have been reported, including increased IL-6
levels, the presence of extravascular fluid ac-
cumulation, clinical complications, and spleno-
megaly [28, 31-33]. The prognosis of CD in
Asian patients was worse than that in American
patients, of which may be due to statistical bias
or factors associated with geography and race,
but future studies are needed to confirm this.
Combined with literature reports and the above
analysis, the pathological types and clinical
classification have not changed, and to obtain
the best treatment effect under existing condi-
tions, the control of systemic inflammation sh-
ould be enhanced, anemia and hypoalbumin-
emia should be prevented, and liver function
should be protected.

This study has several limitations. First, as a
retrospective study, there may be a bias for
patient selection and data collection. We ex-
cluded some laboratory tests because data
were not available, including C-reactive protein
levels and the erythrocyte sedimentation rate.
Second, because of the heterogeneous treat-

4238

ments of patients with iMCD, we could not fur-
ther compare the effects of different treatment
strategies. In addition, only a small number of
patients with iMCD in our study received anti-
IL-6 or rituximab as first-line therapy, mostly
for drug inaccessibility. The role of these new
agents in iIMCD treatment requires further
investigation. The present study has several
strengths. First of all, with the sample size
being the largest reported to date, this multi-
center study identified the clinical characteris-
tics and prognostic factors of CD, especially
iMCD. Second, the study indicated that the
unfavorable prognostic factors of UCD and
MCD were not identical, which suggests that
different therapeutic strategies need to be
followed for different clinical classifications.
Finally, the results indicated that PC subtype,
hepatomegaly and/or splenomegaly, hemoglo-
bin < 80 g/L, and albumin < 30 g/L are inde-
pendent prognosis factors of CD. Age > 60
years, hepatomegaly and/or splenomegaly, and
anemia were independent risk factors for the
prognosis of iIMCD. Therefore, except chemo-
therapy and resection, appropriate medical
supportive treatment should be considered,
such as splenectomy, correction of anemia,
and supplementation of albumin. Further stud-
ies are needed to confirm these prognostic
factors and investigate the optimal treatment
for iMCD.

In general, CD is a highly heterogeneous disor-
der, and little is known about its pathogenesis,
clinical manifestation, treatment, and progno-
sis. No standard treatment for CD has been
established. In the present study, we identified
differences in clinical features and prognostic
factors between UCD and iMCD. We found sig-
nificant risk factors of CD and iMCD, which
were not identical. Comparison of the results of
our study with other case reports or small-scale
studies can provide a better understanding of
the pathophysiology of CD, enabling faster and
more efficient diagnosis and effective treat-
ment. We hope our study provides a clear un-
derstanding of the differences between UCD
and iMCD, and the risk factors identified in the
present study can provide a reference for thera-
peutic decision-making and prognosis assess-
ment. It is essential to continue to explore the
etiology, classification, treatment, and progno-
sis of CD in future investigations.
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Figure S1. Overall survival rate of the clinical features in all patients diagnosed with CD Patients with (A) PC subtype,
(B) hemoglobin <80 g/L, (C) elevated erythrocyte sedimentation rate > 20 mm/h, and (D) elevated 32-macroglobulin
> 2.4 mg/L were correlated with poor overall survival. Two patients who survived for more than 15 years were ex-
cluded. CD, castleman disease. PC subtype, plasmacytic subtype.



