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. Castleman’s disease (CD) is a rare lymphoproliferative disorder with clinical features and prognostic

. factors that are incompletely characterized. This retrospective single-center study reviewed the

. largest HIV-negative CD patient cohort (n = 145) to date. By clinical classification, we identified 69
patients (47.6%) as unicentric CD (UCD) and 76 patients (52.4%) as multicentric CD (MCD). Pathological

. classification identified 74 patients (51.0%) with the hyaline-vascular variant, 51 patients (35.2%) with

the plasma-cell variant, and 20 patients (13.8%) with a mixed variant. After a median follow-up duration
of 58 months (range, 1-180 months), the 1-year and 5-year survival rates were 95.1% and 91.0%,
respectively. UCD patients exhibited significantly better survival (1-year and 5-year survival rates
of 98.5% and 97.1%, respectively) compared with MCD patients (1-year and 5-year survival rates of
92.1% and 85.5%, respectively; p=0.005). By univariate and multivariate Cox regression analyses, the
estimated glomerular filtration rate < 60 ml/min (with the MDRD equation; hazard ratio = 4.60; 95%
confidence interval, 1.50-14.12; p = 0.008) was clinically significant and represented an independent
predictor for death in MCD patients. In summary, this large-scale study suggests that UCD patients
enjoy better survival than MCD patients and that renal function is an important prognostic factor for
MCD patients.

Castleman’s disease (CD, angiofollicular lymph node hyperplasia) is a rare lymphoproliferative disorder that was

first described in 1956 by Benjamin Castleman and colleagues’. As a highly heterogeneous entity, CD comprises

at least two distinct diseases (unicentric CD, UCD, and multicentric CD, MCD) with different clinical char-

acteristics and prognoses?. Because of the rarity of CD, knowledge about its clinical characteristics has accu-

mulated slowly, and is mostly described in case reports®. Despite the publication of several larger case series
. since 2011%8, few studies have focused on survival analysis or characterization of the prognostic factors for CD
. patients. Moreover, although human immunodeficiency virus (HIV) status is recognized to be an important fac-
© tor in patients with CD?, previous studies have enrolled both HIV-positive and HIV-negative patients®* (as well
: as patients with an ambiguous HIV status®®). HIV status itself might represent a risk factor for survival in CD
. patients®, it may be helpful to perform survival analysis in HIV-negative patients to identify risk factors other than

HIV status for CD patients, especially in countries with a low HIV prevalence, such as China'®. Herein, we report
. 145 HIV-negative CD patients with available clinical and pathological data; moreover, we attempted to delineate
© the survival pattern and to identify prognostic factors for survival in these patients.
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Patients and Methods
Patients. This retrospective single-center study screened 151 patients who were diagnosed as CD at Peking
Union Medical College Hospital (PUMCH) from January 2000 to June 2015. Pathological specimens were
retrieved from the PUMCH pathology database and reviewed by two experienced pathologists. The diagnosis of
CD was corrected in three patients and confirmed in 148 patients. Because patients with an underlying systemic
inflammatory disease or malignancies that might have a CD etiology of that differed from that observed in most
CD patients®. There were two patients with concomitant systemic lupus erythematosus and one patient with lung
cancer who were excluded, resulting in a total of 145 CD patients who were eligible for this study. Demographic,
clinical, laboratory, and treatment-related data, including age, sex, past medical history, symptoms at presenta-
tion, Eastern Cooperative Oncology Group (ECOG) status, physical examination, serological results, radiological
findings, pathological results, and treatment strategies were extracted from patient medical records. All patients
underwent computerized tomography (CT) scans or an ultrasound of the involved regions or superficial lymph
nodes. All patients underwent HIV serology screening, which all yielded negative results. Clinical classifications
were based on a physical examination, radiological findings, and surgical findings. UCD was defined as localized
disease (one site of lymphadenopathy); while MCD was defined by the involvement of two or more lymph nodes
or regions>®.

This study was performed in accordance with relevant guidelines and regulations and was approved by the
PUMCH Ethics Committee. Informed consent was obtained from our patients.

Follow-up. Patient follow-up was conducted via interviews at an outpatient clinic, telephone contacts, letters,
and analyses of information documented in the PUMCH databases. Patients were followed until May 31, 2015
and the survival status for each patient was documented. Survival time was defined as the period from diagnosis
to either death or the last follow-up.

Statistical Analysis. Statistical analyses were performed with SPSS statistical software (version 13.0; SPSS
Inc., Chicago, IL, USA). The Kaplan-Meier method was used to depict survival curves and calculate survival
rates at 1 and 5 years after the diagnosis of CD. The log-rank test was used to compare survival curves for UCD
and MCD patients. Because MCD was considered to be a disease that was very distinct from UCD, both in its
clinical course and underlying pathogenesis??, further analysis was performed for MCD patients to identify pos-
sible prognostic factors. To compare survivors and non-survivors, potential risk factors were first screened using
chi-square tests for categorical covariates and t-tests for continuous covariates; p < 0.05 was used as a threshold
for statistically significant differences. Univariate Cox regression was used to estimate hazard ratios (HRs) and to
test survival differences between groups. Variables with p < 0.10 by univariate analysis were further analyzed by
multivariate Cox regression. All clinically significant parameters (p < 0.05) were considered to represent inde-
pendent predictors of survival.

Results

Patient Characteristics. Appendix 1 (see supplement) shows the clinical characteristics of our patients.
A total of 145 HIV-negative CD patients were enrolled in this study, including 69 (47.6%) males and 76 (52.4%)
females. The median age at diagnosis was 40 years (range, 11-79 years). Six patients (4.1%) had diabetes and 21
patients (14.5%) had hypertension. In our cohort, 69 patients (47.6%) were clinically classified as UCD and 76
patients (52.4%) were classified as MCD. There were 79 patients (54.5%) who had lesions that involved one side
of the diaphragm. Pathologically, 74 patients (51.0%) were classified as hyaline-vascular (HV) variant, 51 patients
(35.2%) were classified as plasma-cell (PC) variant, and 20 patients (13.8%) were classified as a mixed variant.
There were 19 patients (13.1%) who had POEMS (polyneuropathy, organomegaly, endocrinopathy, monoclonal
protein, skin changes) syndrome and seven patients (4.8%) who had paraneoplastic pemphigus (PNP). Notably,
one patient (0.7%) fulfilled the diagnostic criteria of TAFRO (thrombocytopenia, anasarca, bone marrow fibrosis,
renal dysfunction, organomegaly) syndrome. Finally, 17 patients (11.7%) had an estimated glomerular filtration
rate (eGFR) < 60 ml/min (calculated using the Modification of Diet in Renal Disease equation'?). In the 76 MCD
patients, 15 patients (19.7%) had an eGFR < 60 ml/min.

Treatment. There were seven patients (4.8%) who received no treatment other than biopsy. All UCD patients
(n=69) and 11 MCD patients (many with intra-abdominal lesions) received surgery. A total of 13 patients
(9.0%) received steroids with or without intravenous immunoglobulin and immunosuppressive agents. Among
54 patients (37.2%) who received combination chemotherapy, 47 patients received CHOP (cyclophosphamide,
doxorubicin, vincristine, and prednisone) or CHOP-like chemotherapy (eight had Rituximab-CHOP), and
seven patients were administered high-dose dexamethasone based therapy (see Appendix 1). Additionally, eight
patients (5.5%) received autologous stem cell transplantation (ASCT), which was a reccommended first-line treat-
ment for young POEMS patients with normal organ function'2

Outcomes. The median follow-up duration was 58 months (1-180 months), and one patient (an 11-year-old
female) was lost to follow up. In the remaining 144 patients, 15 (10.4%) had died, 13 had MCD, and two had
UCD. The 1-year and 5-year survival rates for all CD patients were 95.1% and 91.0%, respectively (Fig. 1a). For
UCD and MCD patients, the 1-year and 5-year survival rates were 98.5% and 97.0%, and 92.1% and 85.5%,
respectively. Using the log-rank test, UCD patients had significantly better survival (p = 0.005) compared with
MCD patients (Fig. 1b), which validated the additional survival analyses that targeted MCD patients.

Prognostic factors. In total, 76 MCD patients were eligible for further analysis. The clinical features of
MCD patients are listed in Appendix 2 (see supplement), including risk factor distributions between survivors
and non-survivors. Compared with survivors, non-survivors had a lower proportion of male patients (p = 0.03),
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Figure 1. (a) Survival curve of all patients with Castleman’s disease. (b) Survival curves of multicentric
Castleman’s disease versus. unicentric Castleman’s disease.

higher rate of tuberculosis (TB) history (p = 0.03), higher rate of POEMS syndrome (p = 0.04), and lower eGFR
(p=0.009).

Based on univariate logistic regression (Table 1), three risk factors were found to be significant predictors for
survival in MCD patients. A prior history of TB (HR =4.51; 95% confidence interval (CI), 1.23-16.47; p=0.02),
the presence of POEMS syndrome (HR = 3.03; 95% CI, 1.01-9.04; p = 0.047), and eGFR < 60 ml/min (HR =4.89;
95% ClI, 1.63-14.73; p=0.005) were each associated with poor survival.

After incorporating variables with P < 0.10 in univariate analysis, multivariate Cox regression (Table 1)
revealed that only eGFR < 60 ml/min (HR = 4.60; 95% CI, 1.50-14.12; p = 0.008) was a clinically significant and
independent predictor for death in MCD patients (Fig. 2).

Discussion

Before 2011, knowledge about CD was mainly based on case reports®. Since 2011, several case series have been
published; however, the patient numbers in these previous studies were small*”® and only two studies enrolled
more than 100 cases (Table 2)>¢. Moreover, these two previous studies had several limitations.

First, they enrolled patients since the 1940s or 1970s, respectively, which might introduce considerable error,
especially for retrospective studies. Moreover, HIV is an important factor in the pathogenesis of CD?, and it was
not discovered until the 1980s. Similarly, the CT scan, a vital tool for assessing CD, was not available until the
1970s in the Western world and the 1990s in China.

Second, a recent study from China® might have some hospital-based biases that may interfere with the inter-
pretation of study results. As a large center that treats PNP??, that hospital in China collected many PNP patients,
and those patients with concomitant CD were enrolled in their study®, resulting in a high frequency (32.4%)
of PNP, which was not representative of typical CD cases. Indeed, in a large meta-analysis, the rate of PNP was
1.3%?3 in another study that enrolled more than 100 patients, the rate was 1%?; in our study, it was 4.8%. As CD
patients with PNP had different clinical characteristics (including clinical classifications and pathological distri-
butions) and outcomes®, the results of one CD study that enrolled too many PNP patients might not reflect the
general characteristics of CD disease.

Third, HIV status is vital for CD studies as it is both related to the pathogenesis of CD® and imposes a strong
influence on patient outcomes*; however, both studies had an ambiguous HIV status for their patients (Table 2),
which might exert a ‘hidden’ impact on the results. To address these aforementioned limitations, we paid careful
attention to the design of this current study. Therefore, we enrolled patients in the last 15 years whose medical
records and pathological specimens were complete and available. Moreover, along with advances in modern
medicine, we also witnessed an improvement in the prognosis of CD patients (Table 2). Additionally, as a large
general hospital, we enrolled patients from different departments, resulting in a patient population that was repre-
sentative of the general CD population, which was similar to those of Dispenzieri et al.” for patient characteristics
(see Table 2 for age, gender, and the UCD/MCD distribution, which differed from the population of Dong et al.®).
Finally, as HIV screening was routine for our hospitalized patients during the past 15 years, unambiguous data
on HIV status was available for our patients, which helped us to exclude the possible impact of HIV on survival
analyses.

UCD is a localized disease that is sometimes associated with systemic symptoms. In contrast, MCD is a sys-
temic disease that is often associated with generalized peripheral lymphadenopathy, hepatosplenomegaly, fevers,
and night sweats. Unlike UCD, MCD is strongly associated with immunosuppression (e.g., HIV infection) and
human herpesvirus 8 (HHV-8) infection®!. Thus, MCD is considered to be a very distinct disease from UCD,
both in its clinical course and underlying pathogenesis>’. In our present study, compared to patients with MCD,
UCD patients exhibit significantly better survival, consistent with previous reports?, suggesting the involvement
of a different etiology®. Based on these observations, we conducted further Cox regression analyses in our cohort
of MCD patients. Moreover, considering that patients with concomitant autoimmune diseases and malignancies
might have a different pathogenesis®, we excluded such patients in our Cox regression analysis.

The identification of prognostic factors for CD patients (especially for MCD patients, as UCD is associated
with a more favorable outcome) is important for making clinical decisions. However, because of the low incidence
of CD, few studies have investigated this issue. Indeed, most studies only used univariate analysis because of the
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Demographic characteristics Age at CD diagnosis (years) 1.03 (0.99-1.08) 0.15
Gender, male (n) 0.29 (0.08-1.06) 0.06 0.32 (0.09-1.16) 0.08
HV variate (n) 0.90 (0.29-2.76) 0.85
The same side of the diaphram (n) 0.04 (0.00-42.18) 0.36
*Chronic diseases (n) 1.06 (0.29-3.85) 0.94
Hepatitis virus infection (n) 1.44 (0.19-11.08) 0.73
Prior history of TB (n) 4.51 (1.23-16.47) 0.02 2.66 (0.67-10.55) 0.16
Development delay (n) 0.05 (0.00-8073.10) 0.62
POEMS (n) 3.03 (1.01-9.04) 0.047 2.01 (0.55-7.37) 0.29
ECOG>1 25.98 (0.02-33441.67) 0.37
Symptoms & signs B symptom (n) 5.05 (0.65-38.98) 0.12
**Generalized symptoms (n) 1.00 (0.13-7.71) 1.00
Shortness of breath (n) 2.15(0.72-6.43) 0.17
Rash (n) 1.97 (0.66-5.87) 0.22
Adenopathy (n) 2.79 (0.36-21.48) 0.33
System involvement **eGFR< 60 ml/min (n) 4.89 (1.63-14.73) 0.005 4.60 (1.50-14.12) 0.008
Nephrotic syndrome (n) 0.05 (0.000-6256.44) 0.61
Pulmonary involvment (n) 1.51 (0.49-4.65) 0.47
Paraneoplastic pemphigus (n) 1.88 (0.24-14.68) 0.55
Laboratory tests WBC (1079/L) 1.10 (0.94-1.29) 0.22
Hb (g/L) 1.01 (0.99-1.03) 0.21
Platelet (1079/L) 1.00 (0.99-1.00) 0.90
Positive urine protein (n) 0.78 (0.23-3.05) 0.79
Positive fecal occult blood (n) 2.84(0.36-22.32) 0.32
Serum albumin (g/L) 0.94 (0.87-1.02) 0.16
Tbil (umol/L) 0.97 (0.82-1.14) 0.68
ALP (U/L) 0.99 (0.98-1.01) 0.28
LDH (U/L) 1.00 (0.99-1.01) 0.81
hsCRP (mg/L) 0.99 (0.97-1.01) 0.19
ANA positive (n) 0.03 (0.00-24.59) 0.32
HbsAg positive (n) 1.82(0.23-14.07) 0.57
HCV positive (n) 0.05 (0.00-7145.0) 0.80
EBV-DNA positive (n) 0.04 (0.00-12940.0) 0.75
CMV-DNA positive (n) 0.04 (0.00-12940.0) 0.75
M-protein positive (n) 2.08 (0.70-6.21) 0.19

Table 1. Survival analysis using Cox regression. CD, Castleman’s disease; HV, hyaline-vascular; TB,

tuberculosis; POEMS, polyneuropathy, organomegaly, endocrinopathy, monoclonal protein, skin changes;
ECOG, Eastern Cooperative Oncology Group; WBC, white blood cell; Hb, hemoglobin; Tbil, total bilirubin;
ALP, alkaline phosphatase; LDH, lactate dehydrogenase; hsCRP, hypersensitive c-reactive protein; ANA,
anti-nuclear antibodies; HbsAg, hepatitis B surface antigen; HCV, hepatitis C; EBV, Epstein-Barr Virus; CMV,
cytomegalovirus. *Chronic disease: hypertension, diabetes, coronary heart disease, chronic liver disease,
chronic kidney disease; **B symptom: fever, night sweats, weight loss; ***Generalized symptom: fatigue,
malaise, appetite, pain; ****eGFR: estimated glomerular filtration rate with Modification of Diet in Renal
Disease (MDRD) equation.

limited number of patients*>”# and suggested that the MCD subtype, HIV status, complications (including renal
complication), POEMS-related symptoms, extravascular fluid accumulation, and extent of disease involvement
(one or both sides of the diaphragm) were possible prognostic factors. The findings of these previous studies
were not often consistent and justified further large-scale studies. The only study to date that utilized multivar-
iate Cox regression6 identified PNP as an independent risk factor. However, as mentioned above, that previous
study enrolled a large proportion of PNP patients, which might not reflect the general population of CD patients.
Herein, we conducted the largest retrospective study to date and utilized both univariate and multivariate Cox
regression analyses for MCD patients. With univariate analysis, we identified several possible risk factors, some of
which were consistent with prior studies (POEMS and renal involvement). With multivariate analysis, for the first
time we identified reduced eGFR as an independent prognostic factor. Several possible factors could underlie this
finding. First, renal complications have been identified as a possible risk factor in previous large-scale analyses®.
Second, renal impairment has been suggested to be a prognostic factor in diseases with a similar etiology, such
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Figure 2. Survival curves of patients with eGFR > 60 ml/min versus. <60 ml/min.

Patient number 113 114 145
Median Age at CD diagnosis (years) 43 35 40

Male: Female 48:52 53.5:46.5 47.6:52.4
UCD: MCD 47:53 54.4:45.6 47.6:52.4
HV: PC: Mixed 47.8:47.8:4.4 59.6:26.3:14.1 51.0:35.2:13.8
Paraneoplastic pemphigus (%) 1% 32.4% 4.8%

HIV status (positive cases/tested cases) 1/25 0/67 0/145
Years of patient enrollment 1948-2002 1977-2014 2000-2015
1-year Survival Not mentioned 91.2%* 95.1%
2-year Survival 92.0% Not mentioned 93.8%**
3-year Survival Not mentioned 78.1%* 93.1%**
5-year Survival 76.0% Not mentioned 91.0%
Risk factor for suvival*** Not mentioned Paraneoplastic pemphigus | eGFR< 60ml/min

Table 2. Comparison studies which enrolled more than 100 CD patients. CD, Castleman’s disease; UCD,
unicentric CD; MCD, multicentric CD; HV, hyaline-vascular variant; PC, plasma cell variant; eGFR, estimated
glomerular filtration rate with Modification of Diet in Renal Disease (MDRD) equation. *estimated from
published data; **calculated from our database (data not reported in manuscript); ***with multivariate Cox
regression.

as multiple myeloma'® and POEMS syndrome'¢. Therefore, we suggest that close monitoring of renal function
should be implemented for MCD patients in clinical practice.

Notably, despite the fact that this current study is of clinical importance , it also carries considerable limita-
tions. First, as a retrospective study, it has an implicit bias for data collection and interpretation. Second, although
the patient HIV status was known in this study, the status of another important virus (HHV-8) was unknown.
HHV-8 has been recognized to play an important role in the pathogenesis of MCD® and although not yet proven,
it might impose some impact on patient prognoses according to the etiology of MCD. Third, the prognostic fac-
tor found in this study (renal function) could be influenced by diseases other than CD (hypertension, diabetes,
etc.); fortunately, our CD patients were relatively younger and the incidences of these chronic diseases were low.
Fourth, because of the rarity of MCD, there was no established standardized treatment protocol at our hospital
(Appendix 1), so it was difficult to analyze the impact of different treatment strategies on the survival of our
patients. Awareness of these limitations should aid in the design of future studies of MCD and ultimately benefit
patients with this rare disease.

This largest study carried out to date was based on recently available data. Our findings indicate that UCD
patients enjoy better survival than MCD patients and that renal function is an important prognostic factor in
MCD patients.
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