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Abstract
Castleman Disease (CD) is a rare, poorly understood lymphoproliferative disease. The spectrum of
symptoms and course of disease are broad, but there is no large study describing the natural
history of this disease. Basic clinic and laboratory data from the records of 113 patients with CD
evaluated at the Mayo Clinic and University of Nebraska were abstracted. The impact of these
variables on overall survival (OS) from time of diagnosis was evaluated. Sixty patients had
multicentric disease. Of the patients with multicentric CD, 32% had criteria sufficient for a
diagnosis of POEMS syndrome. For all patients, 2, 5, and 10-year OS was 92%, 76%, 59%. Most
of the factors identified as risk factors for death on univariate analysis co-segregated with
diagnostic criteria for POEMS syndrome, which supported the concept of 4 categories of CD,
which are (along with their 5-year OS): 1) unicentric CD (91%); 2) multicentric CD associated
with the osteosclerotic variant of POEMS syndrome (90%); 3); multicentric CD without POEMS
syndrome (65%); and 4) multicentric CD with POEMS syndrome without osteosclerotic lesions
(27%). We have demonstrated that CD represents a spectrum of disease that can be differentiated
by simple prognostic factors that provide a framework for further study.
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Introduction
In 1954, Dr. Castleman first reported on 2 patients possessing localized mediastinal lymph
node enlargement characterized by redundancy of lymphoid follicles with germinal-center
involution and marked capillary proliferation with endothelial hyperplasia in both follicular
and interfollicular regions.(1) This condition, which is now called Castleman's Disease
(CD), was soon found to be associated with hypochromic anemia,
hypergammaglobulinemia, and bone marrow plasmacytosis—features which typically
resolved after surgical resection of a solitary mass involved with CD.(2, 3) By the late 1960s
and the early 1970s, the histological descriptors in current in use were described (4, 5) and
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refined:(5) hyaline vascular variant, plasma cell variant, and mixed variant. Patients with the
plasma cell variant were noted to be more prone to have B-symptoms as well as anemia and
hypergammaglobulinemia.(4)

The first case of multicentric CD was reported in 1978.(6) Salient differences between
hyaline vascular and plasma cell variants and their respective associations with unicentric
(unifocal or localized) and multicentric (multifocal or generalized) presentations were
subsequently recognized.(7, 8) Patients with unicentric disease had fewer associated
symptoms in contrast to those with the multicentric disease who had a more complicated
course.

In 1985 Lachant et al reported on 2 patients with the acquired immunodeficiency syndrome
(AIDS) who developed multicentric CD followed by Kaposi's sarcoma.(9) More cases
followed. In 1995, Soulier reported on the incidence of human herpes virus-8 (HHV-8 a.k.a.
Kaposi sarcoma virus) in 31 patients multicentric CD.(10) All 14 of the human
immunodeficiency virus (HIV) positive patients tested had HHV-8 in their affected lymph
nodes; in contrast, 7 of 17 HIV-negative multicentric CD patients had HHV-8 present. Other
investigators have confirmed that nearly all HIV-positive CD cases contain HHV-8 and that
nearly half of HIV-negative multicentric CD are HHV-8 positive.(11-15)

Overproduction of circulating cytokines has been implicated in the pathogenesis and
symptomatology of CD(16) and its sister syndrome POEMS syndrome (peripheral
neuropathy, organomegaly, endocrinopathy, monoclonal protein, skin changes).(16-18)
Interleukin-6 (IL-6) is related to the pathogenesis of CD for many patients as shown by the
following 3 observations: removal of CD mass causes an abrupt drop in IL-6 levels and
resolution of symptoms;(19) treatment with IL-6 receptor antibody relieves the symptoms
and signs;(20, 21) overexpression of IL-6 in mice produces a phenotype similar to the
multicentric CD phenotype.(22)

At present there is no state of the art for prognostication and management of CD. This
retrospective analysis of 113 cases from 2 institutions evaluated the clinical, laboratory, and
pathological parameters to define distinct prognostic subsets.

Methods
Patients

Patients were identified through pathology and lymphoma databases at the Mayo Clinic
(n=87) and University of Nebraska (n=26). Eligibility for inclusion was contingent on a
diagnosis of CD or angiofollicular lymph node hyperplasia and tissue available for central
review. Efforts were made to contact patients for whom last follow-up was more than 1 year.
The Social Security Death Index was used to document death in patients lost to follow-up.
Clinical and laboratory data were abstracted and reviewed by ML, TMH, JC, KR, and AD at
the Mayo Clinic and by JOA at the University of Nebraska.

Clinical characteristics abstracted and analyzed included age and presence or absence of: B-
symptoms, dyspnea, organomegaly, papilledema, neuropathy, renal disease, sclerotic bone
lesions, criteria for co-existing POEMS syndrome,(18, 23) and autoimmune phenomenon
(for example, autoimmune hemolytic anemia or thrombocytopenia). B-symptoms were
defined as weight-loss was defined as a 10% reduction in weight in prior 6-months, fevers,
or night sweats. Physical findings like peripheral neuropathy, skin changes, splenomegaly,
and palpable masses were tabulated according to the treating physician's documentation. A
patient was considered to have a peripheral neuropathy if any of the following conditions
were met: 1) a diagnosis of peripheral neuropathy was in the chart; or 2) there was a baseline
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report of significant lower extremity paresthesia, dysesthesia, or paresis. No mention of a
symptom or sign was classified as absence of that finding. Extravascular overload included
any mention of peripheral edema, ascites, pleural effusions, or pericardial effusion. If a test
was not done, the finding was slated as not present. For example if bone radiographs or body
CTs were not performed in a given patient, that individual was coded as not having bone
lesions and non-palpable lymphadenopathy. Patients were classified as having unicentric
(one site of lymphadenopathy) or multicentric (more than one lymph node region with
lymph nodes greater than 1 cm). Clinical response to treatment was according to standard
lymphoma response criteria according to treating physicians' documentation. Evaluated
laboratory tests included complete blood count, creatinine, serum albumin, alkaline
phosphatase, AST, sedimentation rate, and C-reactive protein. Since HIV testing was
available for only 25 patients (1 positive), reviewers paid careful attention to any
documented risk factors (high risk sexual practices) and other symptomology of HIV/AIDS
(AIDS defining illnesses). No patient who had not undergone testing had a history or
subsequent course consistent with AIDS. Patients were classified as POEMS by the
abstracters according to published criteria.(23) Briefly, a clonal plasma cell disorder, a
peripheral neuropathy, and at least one other major feature—Castleman's disease,
osteosclerotic bone lesions, or elevated vascular endothelial growth factor—and at least one
minor feature—endocrinopathy, organomegaly, classic skin changes, papilledema,
extravascular overload, thrombocytosis, or erythrocytosis were required to make a diagnosis
of POEMS syndrome.

Samples
Patients' diagnostic lymph nodes were biopsied between March 30, 1948 and June 18, 2002.
The distribution of cases by time included: pre-1970, 4; 1970 to 1979, 10; 1980-1989, 29;
1990-1999, 59; and 2000-2002, 11. Lymph node specimens were reviewed by expert
hematopathologists from the Mayo Clinic and University of Nebraska as per the methods of
Castleman and Keller.(5) Pathological specimens were classified as hyaline vascular, plasma
cell variant, or mixed variant.

Statistical Methodology
Differences between groups based on pathologic variants, extent of disease, peripheral
neuropathy, osteosclerotic lesions, co-exiting POEMS syndrome, and documentation of HIV
status were determined by the Fischer's Exact test for dichotomous variables and by the
Kruskal-Wallis test for continuous variables. The impact of variables on overall survival
(OS) from time of diagnosis was evaluated using univariate analyses, where their
significance was determined based on the logrank statistic. Variables analyzed in relation to
OS included: centricity of disease (unicentric vs. multicentric), pathologic variant, co-
existing POEMS syndrome, age at diagnosis, serum albumin, abnormal platelet count,
organomegaly, peripheral neuropathy, sclerotic bone lesions, and dyspnea. Further survival
analyses were performed on patient subgroups based on known distinct natural histories of
disease: patients with and without osteosclerotic lesions;(24, 25) patients with and without
neuropathy; patients with and without POEMS syndrome; and patients with unicentric
disease versus multicentric disease. Co-dependencies between variables prompted a
convenient 4-group classification system, which is used to present patient characteristics. All
statistical analyses were done using SAS or JMP software packages (SAS, Carey, North
Carolina).

Results
Of the 113 patients, 48% were male. The median age of the cohort was 43 years (range 4.2
to 78). Forty-seven percent were male. Overall, 60 (53%) patients had multicentric CD
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(Figure 1A). The breakdown by histology was: plasma cell variant, 54; hyaline vascular, 54;
and mixed histology, 5. Patients with hyaline vascular disease were more likely to have
unicentric disease; whereas, patients with plasma cell variant more commonly had
multicentric disease. Three patients were under the age of 10, all of whom had unicentric
hyaline vascular disease. Testing for a monoclonal protein was done in only 54 patients. Of
these 29 had a monoclonal protein documented—3 in the unicentric group and 26 in the
multicentric group. All but four of these were lambda restricted.

There were differences in baseline features for patients with multicentric disease as
compared to unicentric disease (Table 1). Patients with multicentric CD were more likely to
be older, to have B-symptoms, palpable disease, peripheral neuropathy (Figure 1B),
extravascular volume overload (i.e. edema, ascites or effusions), co-existing POEMS
syndrome, documented bony sclerosis, anemia, leukocytosis, thrombocytosis, a high
sedimentation rate, hypergammaglobulinemia, a low albumin, and an elevated creatinine.
The neuropathy was more often sensory than motor. Because of the inter-relationships
between POEMS syndrome and CD, the multicentric group was further parsed into 3-groups
based on baseline characteristics. Sufficient features to diagnosis POEMS syndrome were
present in 20 patients overall--19 patients with multicentric (34%) and 1 unicentric (2%)
disease. Nine of these patients had only 3 major criteria for the diagnosis of POEMS
syndrome with the 1st, 2nd, and 3rd being peripheral neuropathy, monoclonal protein, and
CD, respectively, whereas 11 had sclerotic bone lesions as a 4th major criteria.(26) Within
this group of 20, the only other difference in baseline characteristics between those with and
without identified sclerotic bone lesions was that those with sclerotic bone lesions were
more likely to have an endocrinopathy, consistent with their diagnosis of POEMS syndrome.

Thirty-seven patients have died. Median follow-up for surviving patients was 5.8 years. For
all patients, the 2, 5, and 10-year survival rates were 92%, 76%, 59%. Baseline adverse risk
factors on univariate analysis (Table 2) included age at diagnosis, dyspnea, peripheral
neuropathy, organomegaly, plasma cell variant histology (Figure 2A), multicentric disease
(Figure 2B), low serum albumin, and a platelet count that was either high or low. The
presence of B-symptoms or extravascular volume overload was not prognostic. The 5-year
overall survival rates for unicentric and multicentric were 91% and 65%, respectively.

For the 53 patients with unicentric disease, only dyspnea was of borderline significance for
being an adverse risk factor (Table 2). The excellent overall survival enjoyed by these
patients is seen in Figure 2C. Neither peripheral neuropathy (n=2) nor sclerotic bone lesions
(n=1) appeared to have an impact on overall survival for patients with unicentric CD. In our
original analyses, organomegaly was considered insufficient to classify a patient as having
multicentric CD; however, these 4 patients with putative unicentric CD with organomegaly
had a relative risk of death of 11.8 (95% confidence interval 2.3-54) as compared to their
unicentric counterparts without organomegaly such that all analyses were rerun using the
definition that organomegaly was sufficient to diagnosis multicentric disease. These are the
results that are shown.

For the 60 patients with multicentric CD, age, sclerotic bone lesions, abnormal platelet
count, and low serum albumin were all risk factors. Sclerotic bone lesions appeared to be
protective with a risk ratio of death of 0.3 (95%CI 0.1-0.8). The question arose whether our
multicentric CD population was over represented with patients with the osteosclerotic
myeloma variant of POEMS syndrome, so the univariate analyses were repeated excluding
the 10 patents with osteosclerotic lesions identified. The results were comparable with a
couple of exceptions. For the 50 multicentric CD patients without sclerotic bone lesions, the
presence of POEMS syndrome (non-osteosclerotic variant) was associated with a significant
risk for death (Figure 4D)—relative risk of 2.5, 95%CI 1.0-5.6) p=0.05. Peripheral
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neuropathy was also of borderline risk on univariate, and low albumin was no longer
significant. The interactions between POEMS syndrome, peripheral neuropathy and sclerotic
bone lesions are shown in Figure 2D. The 5-year overall survival for 10 patients with
osteosclerotic variant of POEMS syndrome was 90%, for the 9 patients with POEMS
syndrome without osteosclerotic lesions was 27%, and for the 41 patients without POEMS
who either had (n=8) or did not (n=33) have peripheral neuropathy was 51% and 65%,
respectively. These outcomes prompted us to consider a 4-group classification system for
describing out patients (Table 1). On multivariable analysis, this system retained
significance (p<0.001) along with age at diagnosis (p<0.001).

Platelet count was another interesting variable among patients with multicentric CD. Both
counts above (n=22) or below (n=8) the normal range predicted for poorer outcomes. The 5-
year OS for normal, low, and high platelet counts were 69%, 50%, and 55%. There was a
relationship between platelet count and the 3 multicentric CD groups with the highest
platelet counts when POEMS syndrome was part of the presentation (Table 1).

HIV testing was done in only 25 patients, and all but 1 had a negative result. The only
statistically significant differences between those patients tested and not tested were a higher
likelihood in the tested group for multicentric disease (69% versus 44%, p=0.02),
neuropathy (50% versus 20%, p=0.004), B-symptoms (50% versus 24%, p=0.02), and a
higher white count (8.0 versus 6.2 cells/uL, p=0.01). Survival outcomes for those tested was
not superior to those who were not tested (data not shown).

Other associated conditions among our CD cohort included: renal disease (n=6); thrombotic
episodes (n=6); immune thrombocytopenic purpura (n=5); autoimmune hemolytic anemia
(n=3); bronchiolitis obliterans (n=2); paraneoplastic pemphigus (n=1); and AA amyloidosis
(n=1). Patients with multicentric disease were more likely to have these conditions—
especially renal disease. Seven patients had malignant lymphoma. Five patients with
multicentric CD subsequently developed lymphoma: diffuse large cell lymphoma (n=2),
composite lymphoma, small lymphocytic lymphoma, and anaplastic plasmacytoma. Two
other patients had Hodgkin's disease predating diagnosis of hyaline vascular CD.

Treatment information was available for 103 patients (Figure 3), ten of whom had less than
or equal to 2 months follow up. Fourteen percent (14 of 103) were initially observed. Eighty
percent (37 of 46) of the unicentric CD patients were treated with surgery with 89% (33 of
37) achieving either a complete or a partial response. Both patients with unicentric CD had
at least some response. Thirty multicentric CD patients were treated with prednisone as
initial therapy, and of those 17 had clinical improvement. As first line treatment, only one
multicentric CD patient received anthracycline-based therapy, and he responded. Low-dose
alkylator-based therapy—cyclophosphamide or chlorambucil—was the initial cytotoxic
therapy of choice with benefit in 5 of 6 multicentric CD patients. Two patients received
interferon-based therapy, but there is no information on response. Of the 5 multicentric
patients treated with radiation up front, response information was available for only 3, all of
whom had response. Beyond first-line treatment, therapies included alkylator-based-
chemotherapy (n=5), anthracycline-based-chemotherapy (n=2), interferon (n=2), rituximab
(n=1).

Disscussion
In this report we illustrate baseline characteristics, treatment choices, and outcomes in this
descriptive study spanning 6 decades of experience with a predominantly HIV negative
Castleman's disease population from the Mayo Clinic and the University of Nebraska. The
major limitations of this study are the incomplete testing and reporting inherent in a
retrospective study and the period that cases were ascertained. In most of the 20th century,
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modern treatments like high-dose chemotherapy with peripheral blood stem cell
transplantation, rituximab, and anit-interleukin-6 treatment strategies were not available for
CD. Despite these limitations, we have made several important observations that should
serve as a platform from which future prospective studies could be based.

The most intriguing observation from the current study is the difference in survival based on
whether or not osteosclerotic bone lesions were present among those who satisfied criteria
for POEMS syndrome. Those patients who had POEMS syndrome and osteosclerotic bone
lesions had the best outcomes, and those who had POEMS syndrome without osteosclerotic
bone lesions comprised the group with the worst outcomes. Patients with multicentric CD
without POEMS syndrome had an overall survival rate between these two extremes.
Although co-existing CD and POEMS syndrome have been reported since the 1970's,(6, 17,
25, 27-29) 18% of our group of 113 CD patients (and 32% of patients with multicentric
disease) had criteria sufficient to diagnose co-existing POEMS syndrome. Peripheral
neuropathy alone was not a risk factor for death unless it was associated with a non-
osteosclerotic variant of POEMS syndrome. Others have also shown that when CD is
associated with peripheral neuropathy, edema and impaired peripheral circulation are the
most common systemic abnormalities observed,(8, 27, 29-34) which according to modern
criteria, could represent undiagnosed POEMS syndrome. Within the context of POEMS
syndrome, the absence of osteosclerotic lesions has been implicated as an adverse feature,
(24) but the issue in CD had not been addressed. We and others have speculated previously
that peripheral neuropathy is associated with a worse outcome,(35, 36) and the current data
strongly support that hypothesis. Most of the factors identified as risk factors on univariate
analysis, including multicentric disease, plasma cell variant, peripheral neuropathy,
organomegaly, low albumin, and an abnormal platelet count, co-segregated with POEMS
syndrome, which supports the concept of 4 categories of CD: 1) unicentric CD; 2)
multicentric CD associated with the osteosclerotic variant of POEMS syndrome; 3)
multicentric CD without POEMS syndrome; and 4) multicentric CD with POEMS syndrome
without osteosclerotic lesions. This system supports the observation made by us and others
that patients with unicentric disease generally have an excellent prognosis(37-43) and helps
clarify which multicentric patients do well.(8, 37-39)

The observations that multicentric patients are older, more likely to have the plasma cell
variant, and more likely to be symptomatic are not novel.(5, 7, 8, 35-40, 43, 44) For the 19
patients for whom there was discordance between disease extent and histology, the course of
disease was dictated by extent rather than by histology, despite the fact that this was a
population of patients who had limited imaging. In addition, the present study clarifies how
CD patients with either hepatomegaly or splenomegaly should be classified. The presence of
organomegaly, even without biopsy proof, is sufficient to classify a patient as having
multicentric rather than unicentric disease, especially since CD histology has been reported
in the spleen.(45) Shin et al demonstrated that age and the presence of splenomegaly were
the most prognostic clinical variables in their series of 27 patients with multicentric CD.(46)
Our composite model using the POEMS syndrome umbrella captures this feature.

CD is not infrequently associated with other conditions like lymphoma and other
autoimmune diseases.(42, 44, 47) Seven of our patients had lymphoma sometime during
their course. Immune thrombocytopenic purpura, autoimmune hemolytic anemia, renal
disease, bronchiolitis obliterans, or thrombosis each affected fewer than 5% of patients in
the present study.

This large cohort provides a retrospective overview of treatment options and outcomes,
which may be of use for stratification in clinical trials using exciting antibodies directed
against either interleukin-6 or receptor interleukin-6 like tocliuzumab or siltuximab.(20, 21,
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48) In our series, surgery was the treatment of choice for unicentric CD with excellent
outcomes in more than 90% of patients. Prednisone and/or chemotherapy were the most
common interventions selected for patients with multicentric CD. As previously reported,
low dose chemotherapy—predominantly non-anthracycline-based—resulted in higher
response rates than did prednisone.(7, 36, 39, 40) Of interest, non-systemic therapies yielded
good results in 5 of 6 multicentric CD patients so treated. There have been reports in the
literature of a localized treatment approach resulting in distant response.(37, 49-51) None of
the patients in this series had high-dose chemotherapy with autologous stem cell transplant
given the timeframe of ascertainment of cases. Despite the omission of this modality, it
should not be ignored as therapeutic strategy in this patient population.(26, 34, 52) High-
dose chemotherapy with autologous stem cell transplant is considered by many to be the
treatment of choice for patients with POEMS syndrome.

In conclusion, when assessing a patient with CD, the most important parameter to consider
aside from HIV status is extent of disease,(43) that is, unicentric versus multicentric disease.
Although we did not have HIV status for most of our patients, those tested fared no better
than those who were not, making it highly probable that our study set was not enriched for
patients with HIV. Patients with multicentric CD should be questioned about the presence of
peripheral neuropathy. If neuropathic symptoms, patients should be screened for a
monoclonal protein with immunofixation of the serum their bones should be screened for
osteosclerotic lesions. In the era of digital storage of CT images, bone windows are readily
assessable for screening the spine and pelvis. Although we were not able to characterize the
type of neuropathy these patients had based on the retrospective nature of this work,
personal experience offers the insight that the peripheral neuropathy seen with CD is
typically more subtle and more often sensory than motor. The prognostic role tests like
interleukin-6, vascular endothelial growth factor, sedimentation rate, fibrinogen, human
herpes virus 8, C-reactive protein, and serum immunoglobulin free light chain plays in CD
cannot be assessed by the present study. Despite these omissions, this paper further clarifies
the spectrum and the relationships between the heterogeneous entities ranging from
unicentric CD to multicentric CD with and without the osteosclerotic variant of POEMS
syndrome, and hopefully it will lay a framework both to treat patients and to understand the
underlying pathogenic mechanisms.
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Figure 1. Interactions between histology, disease extent, and clinical features
A. Relationship of histology and disease extent.
B. Relationship between disease extent, POEMS syndrome, osteosclerotic bone lesions, and
peripheral neuropathy. All patients with osteosclerotic bone lesions had POEMS syndrome,
and by definition all patients with POEMS had peripheral neuropathy, but one third of
patients who had peripheral neuropathy did not have POEMS syndrome.
MCD, multicentric Castelman's disease; UCD, unicentric Castleman's disease.
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Figure 2. Kaplan meier estimates of overall survival
Differences between groups were calculated by log-rank
A. By histology. 5 year OS for hyaline vascular, plasma cell variant, and mixed is 79%,
70%, and 100%.
B. By extent of disease. 5 year overall survival for unicentric and multicentric is 91% and
65% respectively.
C. By co-existing POEMS syndrome, osteosclerotic bone lesions, and peripheral neuropathy
in patients with unicentric Castleman's disease. Limited follow-up for the 1 patient with
POEMS syndrome associated with osteosclerotic bone lesions and the 2 patients without
POEMS, but with peripheral neuropathy.
D. By co-existing POEMS syndrome, osteosclerotic bone lesions, and peripheral neuropathy
in patients with multicentric Castleman's disease. 5 year overall survival for 10 patients with
osteosclerotic variant of POEMS syndrome was 90%, for 9 patients with POEMS syndrome
without osteosclerotic lesions was 27%, and for 41 patients without POEMS who either had
(n=8) or did not (n=33) have peripheral neuropathy was 51% and 65%, respectively. The
combined 5-year OS blending the last two groups was 65%.
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Figure 3. Treatment decisions and outcomes
A. Initial therapy based on unicentric or multicentric disease
Due to missing data, total unicentric and multicentric cases are 46 (7 missing) and 57 (3
missing).
B. Response to initial therapy based on extent of disease
First line chemotherapy regimens used were cyclophosphamide/prednisone (n=4),
chlorambucil/prednisone (n=2), cyclophosphamide/vincristine/mitroxantrone/prednisone
(n=1), and interferon/prednisone (n=2; data not shown)
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