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Abstract
Although Castleman disease was first described in 1956, this disease includes various conditions, including unicentric 
Castleman disease with hyaline vascular histology, human herpesvirus-8 (HHV-8) related multicentric Castleman disease, 
idiopathic multicentric Castleman disease, and mimics of Castleman disease associated with other conditions. To date, Cas-
tleman disease remains incompletely understood due to its rareness and difficulties in clinical and pathological diagnosis. 
TAFRO syndrome was reported in Japan in 2010. Because lymph node histology is similar in patients with TAFRO syndrome 
and Castleman disease, TAFRO syndrome is described as a related disorder of Castleman disease. Clinically, however, these 
conditions differ markedly. Although elevated interleukin-6 (IL-6) expression is characteristic of Castleman disease, increased 
expression of IL-6 may occur in patients with other diseases, making elevated IL-6 unsuitable for differential diagnosis. 
Further understanding of these disorders requires the identification of novel disease-specific biomarkers. This review article 
therefore outlines the characteristics of Castleman disease and TAFRO syndrome.
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What is Castleman disease?

In 1956, Benjamin Castleman described patients with medi-
astinal tumors mimicking thymomas, accompanied by lym-
phoid follicle hyperplasia and hyalinized vessels penetrating 
into the germinal centers [1]. This condition, named Castle-
man disease (CD), has also been called giant lymph node 
hyperplasia, lymphnodal hamartoma, lymph node hamar-
toma, follicular lympho-reticuloma, benign giant lymphoma, 
angiofollicular lymph node hyperplasia, and angiomatous 
lymphoid hamartoma.

CD has been classified clinically as unicentric (localized, 
unicentric Castleman disease [UCD]) and multicentric (sys-
temic, multicentric Castleman disease [MCD]). Histopatho-
logically, CD has been classified as hyaline vascular (HV) 
type, plasma cell (PC) type, mixed type, hyper-vascular 
type, and plasmablastic type [2]. Most patients with UCD 
have HV histology, with the remainder having PC histol-
ogy. MCD has been etiologically classified by the Castle-
man Disease Collaborative Network (CDCN) as human her-
pesvirus 8 (HHV-8)-related; HHV-8-unrelated, also called 
idiopathic MCD (iMCD); POEMS(polyneuropathy, orga-
nomegaly, endocrinopathy, M-protein, and skin changes) 
syndrome–related; and others [2]. The latter two classifica-
tions, however, may be categorized together (Fig. 1). The 
histopathological characteristics of Japanese patients with 
MCD have been described in detail [3].

Because patients with UCD and HV histology do not 
demonstrate hyper-cytokine syndrome and are curable by 
surgical resection, this disease is considered a distinct dis-
ease entity [4–6].

MCD is characterized by the overexpression of inter-
leukin-6 (IL-6), or hyper-IL-6 syndrome, with polyclonal 
lymphadenopathy. MCD in Western countries is frequently 
HHV-8-related, with viral IL-6 expression causing various 
symptoms [7]. The progression of B cell differentiation in 
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these patients induces plasma cell expansion and polyclonal 
hypergammopathy. Moreover, the induction of vascular 
endothelial growth factor (VEGF) production causes angio-
genesis, and differentiation of megakaryocytes in bone mar-
row causes thrombocytosis. Furthermore, the increased pro-
duction in the liver of acute inflammatory proteins, such as 
C-reactive protein (CRP), fibrinogen, and serum amyloid A 
(SAA), as well as hepcidin, inhibits absorption of iron in the 
gastrointestinal tract and inhibits iron-recycling in the reticu-
loendothelial systems, resulting in normo- to microcytic ane-
mia. A retrospective analysis of patients with MCD showed 
that more than 50% of these patients had iMCD, even in the 
USA [2]. Most patients with MCD in Japan have iMCD, 
with the annual incidence rate of MCD in Japan estimated at 
309–731, equal to 2.4–5.8 per million individuals [8]. MCD, 
with or without HHV-8, is characterized by hyper-IL-6 syn-
drome, resulting in systemic symptoms such as polyclonal 
hypergammopathy, fever, hyper-inflammation, anemia, and 
thrombocytosis. Initially, patients with MCD were treated 
with glucocorticoids, but their efficacy was restricted. The 
monoclonal anti-IL-6 receptor antibody tocilizumab has 
been approved by the National Health Insurance in Japan, 
whereas the monoclonal anti-IL-6 antibody siltuximab and 
the monoclonal anti-CD20 antibody rituximab have been 
approved for treatment in the USA (Table 1) [9].

What is TAFRO syndrome?

TAFRO syndrome, first described in 2010, is a condition 
characterized by thrombocytopenia, anasarca (edema, pleu-
ral effusion, and ascites), fever, reticulin myelofibrosis (or 

renal insufficiency), and organomegaly (hepatosplenomeg-
aly and lymphadenopathy) [11]. The annual incidence of 
TAFRO syndrome in Japan was estimated to be 110–502, 
equivalent to 0.9–4.9 per million individuals [8]. Although 
its etiology is unknown, TAFRO syndrome is a hyper-inflam-
mation syndrome associated with marked thrombocytopenia 
and anasarca. The lymph node histopathology of TAFRO 
syndrome mimics that of MCD; thus, TAFRO syndrome is 
thought to be a variant of iMCD (iMCD-TAFRO) for some 
researchers [12–14]. However, lymph node biopsies may be 
difficult or impossible to obtain from patients with TAFRO 
syndrome due to anasarca, bleeding tendency, and/or the 
smallness or unclearness of the target lymph node. There-
fore, Japanese diagnostic criteria for TAFRO syndrome have 
included patients without histological confirmation of lymph 
nodes [10, 15].

To identify factors prognostic for TAFRO syndrome, data 
of 83 patients with TAFRO syndrome were obtained from 
the registry in the Multicenter Collaborative Retrospective 
Study for Establishing the Concept of TAFRO Syndrome in 
Japan. Univariable analysis identified several potential prog-
nostic factors, with a multivariable Cox proportional hazards 
model finding that age ≥ 60 years and D-dimer concentra-
tion ≥ 18 μg/dL remain significant predictors of poor overall 
survival. This led to the development of a prognostic scor-
ing system for TAFRO syndrome (TS-PSS), with patients 
in the study cohort stratified into those at low, intermediate, 
and high risk for TAFRO syndrome. Further studies in inde-
pendent patient cohorts are needed to verify the prognostic 
accuracy of the TS-PSS [16].

Although mortality rates are high in patients with TAFRO 
syndrome, a single optimal treatment strategy has not yet 

Fig. 1  Classification of types of Castleman disease. Castleman dis-
ease is clinically classified as unicentric Castleman disease (UCD) 
and multicentric Castleman disease (MCD) and was histopathologi-
cally classified as hyaline vascular, plasma cell, mixed, hyper-vascu-
lar, and plasmablastic types. Most patients with UCD have hyaline 
vascular histology, with the remainder having plasma cell histology. 

MCD is etiologically classified as human herpesvirus 8 (HHV-8)-re-
lated, HHV-8-unrelated (idiopathic MCD [iMCD]), and other, includ-
ing POEMS syndrome, TAFRO syndrome, IgG4-related disease, 
malignancies (lymphoma, cancer, and sarcoma), autoimmune dis-
eases (systemic lupus erythematosus, Sjögren’s syndrome, and vascu-
litis), and infections (e.g., tuberculosis)
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been established. A list of agents that have been used in 
various cases is shown in Table 1. In our retrospective 
study, 68 patients received first-line corticosteroid therapy, 
with second-line treatment consisting of tocilizumab (Toc) 
in 21 patients, cyclosporine A (CsA) in 14, and rituximab 
(Rit) in eight, in addition to corticosteroids. The primary 
study endpoint was time to next treatment or death (TTNT). 
Kaplan–Meier analysis showed that the median TTNT in the 
Toc, CsA, and Rit groups were 3.0 months, 11.5 months, 
and not reached, respectively. TTNT tended to be longer 
in the Rit than in the Toc group. In contrast, there were no 
significant differences in overall survival among the three 
groups, indicating that subsequent salvage therapies rescued 
a large proportion of patients who failed second-line treat-
ments [17]. Further studies are warranted to establish the 
optimal treatment strategies for patients with this syndrome.

Differences between MCD and TAFRO 
syndrome

Clinical data were collected from more than 220 patients 
with iMCD, TAFRO syndrome, and other mimickers, and 
their differences were analyzed [18]. Various clinical symp-
toms differed in patients with TAFRO syndrome and typical 
iMCD, indicating that the former is a distinct clinical entity. 
In most patients, iMCD has an indolent and chronic clini-
cal course, accompanied by polyclonal hypergammopathy, 
multiple lymphadenopathy, hyper-inflammation, anemia, 
and thrombocytosis. In contrast, the onset and course of 
TAFRO syndrome is acute, with rapid deterioration and 

serious disease. Moreover, most patients with TAFRO syn-
drome were found to have normo- or hypo-gammaglobu-
linemia, thrombocytopenia, small or unclear lymphad-
enopathy, and anasarca including massive pleural effusion 
and ascites. Lymph node biopsies cannot be obtained from 
some patients with TAFRO syndrome because of anasarca, 
bleeding tendency due to thrombocytopenia, and small or 
unclear lymphadenopathy. However, lymph node histol-
ogy is similar, with overlapping characteristics, in patients 
with TAFRO syndrome and iMCD. To differentiate among 
the clinical features of TAFRO syndrome with and without 
iMCD histopathology and iMCD-not otherwise specified 
(NOS), 220 patients with these conditions were retrospec-
tively analyzed. Rates of fever, anasarca, renal failure, and 
mortality were significantly higher in patients with TAFRO 
syndrome with and without iMCD than in patients with 
iMCD-NOS. Laboratory findings showed that blood urea-
nitrogen, creatinine, CRP, ALP, γ-GTP, D dimer, and FDP 
concentrations were significantly higher in patients with 
TAFRO syndrome with and without iMCD than in patients 
with iMCD-NOS, whereas platelet counts and total protein 
and albumin concentrations were significantly lower in 
patients with TAFRO syndrome with and without iMCD 
than in patients with iMCD-NOS. In contrast, serum IgG, 
IgA, and IgM concentrations were significantly higher in 
patients with iMCD-NOS than in patients with TAFRO 
syndrome with and without iMCD. Kaplan–Meier analy-
ses revealed that the overall survival (OS) rates of patients 
with TAFRO syndrome decreased rapidly within 24 months 
of diagnosis, by which time one-third of the patients had 
died. OS rates, however, did not differ significantly between 

Table 1  Treatment strategies for patients with iMCD and TAFRO syndrome

iMCD (ref [9])
1. For non-severe patients
Siltuximab (monoclonal anti-IL-6 antibody) +/- Steroids
Tocilizumab (monoclonal anti-IL-6 receptor antibody) +/- Steroids
Rituximab (monoclonal anti-CD20 antibody) +/- Steroids
2. For severe patients
Siltuximab +high dose Steroids
Tocilizumab +high dose Steroids
TAFRO syndrome (ref [10])
1. First line treatment
Glucocorticoid, high dose (1mg/kg per daily dose of prednisolone or pulse therapy using 500-1,000mg daily dose of methylprednisolone)
2. Second line treatment
Rituximab 
Tocilizumab 
Cyclosporin A
Thrombopoietin receptor agonists romiplostim and eltrombopag: for patients with persistent thrombocytopenia.
Other options
Plasma exchange, high dose cyclophosphamide, thalidomide, lenalidomide, bortezomib rapamycin and combination chemotherapy such as 

CHOP (cyclophosphamide, doxorubicin, vincristine, and prednisolone) have been successful in the treatment of selected patients.
Splenectomy and high-dose gamma-globulin have not been shown effective.
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patients with TAFRO with and without iMCD. In contrast, 
more than 90% of patients with iMCD-NOS were still alive 
10 years after diagnosis. Taken together, these findings indi-
cate that TAFRO syndrome with and without iMCD should 
be considered the same entity, requiring prompt diagnosis 
and intensive care [18].

Cytokine storm and hyper‑IL‑6 syndrome 
(Fig. 2)

Because the diagnosis of CD depends on histological find-
ings, hyper-inflammation, and polyclonal lymphoprolif-
eration conditions, patients with suspicion of malignant 
lymphoma without proven monoclonality can be diag-
nosed with MCD. Lymphadenopathy may also be present 
in patients with TAFRO syndrome, POEMS syndrome 
[19], and IgG4-related disease [20]. Lymph node biopsy 
of these patients may result in a histologic diagnosis of 
MCD or a condition undistinguishable from PC-, mixed-, 

or hyper-vascular-type MCD. Fever is present in patients 
with both TAFRO syndrome and POEMS syndrome, mak-
ing these conditions important in the differential diagno-
sis of fever of unknown origin. In contrast, IgG4-related 
disease is not characterized by high fever or markedly 
elevated CRP. Furthermore, patients with lymphomas, 
such as angioimmunoblastic T cell lymphoma and intra-
vascular large B cell lymphoma [21], accompanied by 
hyper-cytokinemia and generalized inflammation, may 
have MCD-like clinical symptoms and satellite lymph 
node biopsies may yield MCD-like histopathological 
findings. Symptoms and histopathology may be similar in 
patients with cytokine-producing cancers and sarcomas 
[22]; various collagen vascular diseases, such as systemic 
lupus erythematosus, Sjögren’s syndrome [23], and vas-
culitis syndrome; and various infections accompanied by 
hyper-inflammation. Careful diagnosis of iMCD requires 
the differential diagnoses of these conditions.

Fig. 2  Cytokine storm and hyper-IL-6 syndrome. Hyper-IL-6 syn-
drome occurs frequently in patients with HHV8-related MCD and 
iMCD-NOS and in PC-type UCD. Clinical symptoms and lymph 
node histology due to hyper-IL6 syndrome have also been observed 
in patients with POEMS syndrome; TAFRO syndrome; idiopathic 
portal hypertension (IPH); various malignancies, such as lymphoma 
and cancer; various autoimmune diseases, such as systemic lupus 
erythematosus (SLE), rheumatoid arthritis (RA), and Sjögren’ s syn-
drome (SjS); some infections, such as with tuberculosis (Tbc) and 

COVID-19; and some iatrogenic conditions, such as chimeric antigen 
receptor T-cell (CAR-T) therapy and treatment with blinatumomab. 
Although some patients with IgG4-related disease (IgG4-RD) dem-
onstrate hyper-IL-6 syndrome, most do not. Other than hyper-IL-6 
syndrome, hemophagocytic lymphohistiocytosis (HLH), hemophago-
cytic syndrome (HPS), some severe infections, adult-onset Still dis-
ease, and auto-inflammatory syndrome causes hyper-cytokine storm. 
In contrast, HV-type UCD is not associated with cytokine storm
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Future prospects

Although elevated IL-6 expression is characteristic of CD, 
increased expression of IL-6 may occur in patients with 
other diseases, making elevated IL-6 unsuitable for dif-
ferential diagnosis. Further understanding of these disor-
ders requires the identification of novel disease-specific 
biomarkers.
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