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Abstract
AIM: To establish a model for prognosis assessment of 
extranodal follicular dendritic cell (FDC) sarcoma.

METHODS: Nine lesions were examined by routine 
and molecular approaches. Clinicopathological factors 
from the new cases and 97 reported cases were ana-
lyzed for their prognostic values.

RESULTS: The current lesions were found in five male 
and four female patients, located mainly in the head 

and neck area and averaging 7.2 cm in size. Six patients 
had recurrence or metastasis and three remained free 
of disease. The 106 patients (male/female ratio, 1.1:1) 
were aged from 9 to 82 years (median, 44 years). The 
tumor sizes ranged from 1.5 to 21 cm (mean, 7.4 cm). 
Abdominal/pelvic region was affected most frequently 
(43%). Surgical resection was performed in 100 pa-
tients, followed by radiation and/or chemotherapy in 
35 of them. Follow-up data were available in 91 cases, 
covering a period of 3-324 mo (mean, 27 mo; median, 
19 mo). Of the informative cases, 38 (42%) had recur-
rence or metastasis, and 12 (13%) died of the disease. 
These tumors were classified histologically into low- and 
high-grade lesions. A size ≥ 5 cm (P  = 0.003), high-
grade histology (P  = 0.046) and a mitotic count ≥ 5/10 
HPF (P  = 0.013) were associated with tumor recur-
rence. The lesions were defined as low-, intermediate- 
and high-risk tumors, and their recurrence rates were 
16%, 46% and 73%, and their mortality rates 0%, 4% 
and 45%, respectively.

CONCLUSION: Extranodal FDC tumors behave like soft 
tissue sarcomas. Their clinical outcomes are variable and 
can be evaluated according to their sizes and grades.
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INTRODUCTION
Follicular dendritic cell (FDC) sarcoma was described by 
Monda et al[1] in 1986. It is considered to be derived from 
FDC, whose cell type normally forms a tight meshwork in 
the primary and secondary lymphoid follicles and partici-
pates in the immune system by interacting with B or T lym-
phocytes[2]. Epstein-Barr virus (EBV) infection was dem-
onstrated in majority of  the hepatic and splenic lesions and 
its causative effect has been proposed for the pathogenesis 
of  the lesion[3-9], but the association is not evident in most 
of  the tumors from other sites[10-13]. Majority of  the tumors 
were found in lymph nodes. However, about one-third of  
the lesions were identified in extranodal sites. It was consid-
ered that extranodal FDC sarcoma occurred preferentially 
in the head and neck area[14].

FDC sarcoma is usually regarded as an indolent tu-
mor with a tendency of  local recurrence but a low risk 
of  metastasis, behaving like a low-grade soft tissue sar-
coma[2,15]. However, Perez-Ordonez et al[16] considered this 
tumor more aggressive through their observation of  13 
cases. Because of  the rarity of  the tumor, assessment of  
its prognosis remains difficult, though intra-abdominal 
location, a high mitotic count (≥ 5/10 HPF), coagulative 
necrosis and marked cellular atypia were proposed to be 
predictors of  an unfavorable outcome[3]. With more cases 
encountered in our pathological practice and reported 
from literatures, various morphologic and clinical repre-
sentations were noticed. Clearly, histological grade of  this 
malignancy remains to be defined and a model is needed 
to evaluate the recurrence risk of  individual tumors within 
this category.

In this study, we presented our experience in nine 
cases of  FDC sarcoma from northern China. In addition, 
clinicopathological features and corresponding data ex-
tracted from 97 reported cases were analyzed, with special 
respect to prognosis assessment of  this disease.

MATERIALS AND METHODS
Samples and histological examination
As listed in Table 1, the tissue specimens were resected 
from nine patients in three medical centers, including the 
Fourth Military Medical University Tangdu Hospital in 
Xi’an (Cases 1 and 2), Chinese Academy of  Medical Sci-
ences Cancer Hospital in Beijing (Cases 3-6, 8 and 9) and 
the First Affiliated Hospital of  Inner Mongolia Medical 
College in Huhehot (Case 7). These patients were admit-
ted for a solid occupation in head and neck areas (n = 6), 
and thoracic and abdominal cavities (n = 3) from 2002 
to 2009. Cases 1 and 2 had been described in a brief  re-
port[17], and follow-up data were complemented in the 
current study.

The formalin-fixed, paraffin-embedded tissue blocks 
were retrieved from the files. Sections of  4 μm in thick-
ness were prepared and stained with hematoxylin and 
eosin (HE). Three pathologists (Su Q, Yang HY and Li L) 
reviewed the slides independently, and the diagnosis was 
confirmed by their histological and immunohistochemical 

phenotypes. As described previously[2], whorl, storiform 
and fascicular arrangements of  spindle tumor cells were 
regarded as architectural features for typical lesions, while 
epithelioid and pleomorphic patterns were considered 
anaplastic phenotypes in this study. Other morphologic 
parameters, including mitotic activity, coagulative necrosis, 
nuclear atypia, distribution of  infiltrating small lympho-
cytes and tumor sites, were also assessed. In addition, we 
also evaluated proportions of  the typical tumor compo-
nents, as described above, in each lesion.

Immunohistochemistry
Immunohistochemical reactions were performed on par-
affin sections following deparaffinization, rehydration and 
antigen retrieval. The antigen retrieval was performed by 
heating in citrate (pH 6.0) or ethylene-diamine-tetraacetic 
acid (EDTA) buffer (pH 9.0; Table 2). In addition to rou-
tine markers for tumor diagnosis, such as pan-cytokeratins 
(CKs; AE1/AE3), epithelial membranous antigen (EMA), 
vimentin, desmin and smooth muscle-type actin (SMA), a 
panel of  antibodies were applied to demonstrate histiocyt-
ic and dendritic cell linage differentiation, including those 
against CD68, S100 protein, CD21, CD23, CD35, CD1a 
and podoplanin (D2-40). Ki-67 antigen was detected to 
show proliferative activity of  each lesion, and p53 protein 
accumulation was demonstrated by reaction with the an-
tibody DO-7. After incubation with primary antibodies at 
room temperature for 1 h, the antigen-antibody reaction 
was demonstrated by a horseradish peroxidase (HRP)-la-
beled secondary antibody (EnVision™ Detection System, 
Dako A/S, Glostrup, Denmark) at room temperature for 
15 min and visualized in a solution containing 0.5 mg/mL 
3,3’-diaminobenzidine (DAB) and 0.01% hydrogen perox-
ide. Finally, the sections were counterstained slightly with 
hematoxylin and mounted in resin.

The expression levels were evaluated semiquantita-
tively according to the reaction intensities and percentages 
of  immunoreactive cells, and expressed as strong (3+), 
moderate (2+), weak (+) and negative (-). Ki-67 antigen 
expression levels were assessed based on the number of  
positive cells/1000 nucleated tumor cells from randomly 
selected 5 high-power fields, and expressed as Ki-67 an-
tigen-labeling indices (Ki-67-LI) in percentages. The p53 
protein expression levels were evaluated by percentages 
of  positive cells as described previously[18] and expressed 
as high (3+, > 30%), moderate (2+, 5%-30%), low (1+, < 
5%) and absent (-, 0%).

In situ hybridization
In situ hybridization was performed in seven cases to dem-
onstrate EBV-encoded RNA (EBER) molecules using a 
detection kit (Triplex International Biosciences Co. Ltd., 
Fuzhou, China) according to instructions of  the manu-
facturer. Briefly, sections were treated with proteinase K 
following deparaffinization and rehydration. After dena-
turation for 90 min at 55℃, the sections were incubated 
with a digoxin-labeled DNA probe overnight at 37℃, and 
washed with phosphate-buffered saline. The hybridization 
signals were demonstrated by consecutive reactions with 
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a mouse monoclonal antibody against digoxin and the 
polymerized HRP-labeled anti-mouse immunoglobulin G, 
and visualized by incubation in a solution containing DAB 
and hydrogen peroxidase. Finally, the slides were counter-
stained slightly with hematoxylin and mounted with resin. 
A case of  Hodgkin lymphoma, known to be positive for 
EBER, was used as a positive control. Yellow or brown 
staining of  tumor cell nuclei was considered positive.

Amplification and sequencing of P53 gene
As most of  the documented mutations of  P53 gene 
occur in its exons 5-8[19,20], these regions were exam-
ined for mutations by nested (for exons 6 and 7) or 
semi-nested polymerase-chain reaction (PCR; for ex-
ons 5 and 8). The primers used were adopted from 
literatures[21,22]. Their sequences were as follows: ex-
on5s, 5'-TCTGTCTCCTTCCTCTTCCTA-3'; exo-

n5as, 5'-AACCAGCCCTGTCGTCTCT-3'; exon6s, 
5 '-TTGCTCTTAGGTCTGGCCCC-3' ;  exon6as, 
5'-CAGACCTCAGGCGGCTCATA-3'; exon7s, 5'-TT-
GCTCTTAGGTCTGGCCCC-3'; exon7as, 5'-GGGT-
CAGCGGCAAGCAGAGG-3' ;  exon8s,  5 ' -GA -
CAAGGGTGGTTGGGAGTAGATG-3'; exon8as, 
5'-GCAAGGAAAGGTGATAAAAGTGAA-3'. Selected 
tumor tissues were collected from serial paraffin sections 
of  10 μm in thickness. Following deparaffinization and 
rehydration, the tissues were digested by incubation with 
proteinase K (20 mg/mL) at 56℃ for 72 h. Genomic 
DNA was extracted with a kit (QIAamp DNA Mini Kit, 
Qiagen GmbH, Hiden, Germany) following instructions 
of  the manufacturer. Primer pairs used for the first-round 
amplification of  exons 5, 6, 7 and 8 were exon5s/exo-
n6as, exon5s/exon7as, exon6s/exon8as and exon7s/exo-
n8as, respectively. The reactions were in a mixture of  
10 μL containing 100 ng of  DNA templates, 0.8 μL of  
deoxynucleotide triphosphate (2.5 mmol/L each), 1 μL 
of  1 μmol/L sense and antisense primers each, 1 μL 10
× buffer (100 mmol/L Tris-HCl, pH 8.3, containing  
500 mmol/L KCl and 20 mmol/L MgCl2) and 0.5 U of  
Taq DNA polymerase (Takara Biotechnology Co., Ltd., 
Dalian, China). Amplification was conducted for 35 cycles 
(94℃, 40 s; 55℃, 40 s; 72℃, 40 s for exons 5 and 7; 1 min 
for exons 6 and 8) following the initial denaturation at 94℃ 
for 5 min. The final elongation was at 72℃ for 10 min. 
The second-round PCR was performed in a mixture of  
50 μL containing 3 μL of  products of  the first-round 
reaction and 1 μL of  5 μmol/L sense and antisense in-
ner premiers each. Primer pairs used for amplifying exons 
5, 6, 7 and 8 were exon5s/5as, exon6s/6sa, exon7s/7as  
and exon8s/8as, respectively. The cycling conditions were 
the same as the first-round reaction. Amplification ef-
ficiency and specificity were visualized by electrophoresis 
on an agarose gel (2%), and the products of  exons 5, 6, 7 
and 8 migrated at positions of  196, 81, 234 and 277 bp,  
respectively. The products were subjected to direct se-
quencing using an automatic system (Prism 3100 Ge-
netic Analyzer, Applied Biosystems, Foster, CA, USA) as 
described previously[22,23]. The sequences obtained were 
compared with those from Genbank (www.gdb.org).
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Table 1  Clinicopathological and therapeutic data of nine new cases of extranodal FDC sarcoma (Cases 1-9)

Case 
No.

Age 
(yr)

Gender Sites Size 
(cm)

HG MC (/10 
HPF)

Year of 
onset

Initial 
diagnoses

Initial 
treatment

Recurrence, DFT 
(mo)

Disease 
status

Follow-
up (mo)

1 60 M Tonsil 5.0 Low < 1 2002 Granuloma Surg + RT NED 86
2 35 F Parapharyn-geal space 5.0 High 10 2003 NPC Surg LR, 2 DOD 12
3 63 M Infratem-poral fossa 4.0 Low 1 2003 PNET Surg + RT + ChT NED 72
4 30 F Pyform sinus 5.0 High 9 2004 FDC sarcoma Surg + RT DM (lung), 25 DOD 25
5 23 M Mediastinum 8.0 Low 3 2006 MPNST Surg + RT + ChT DM (bone), 45 AWD 45
6 45 M Liver 14.5 Low < 1 2007 FDC sarcoma Surg NED 27
7 36 F Mesentery 15.0 High 7 2007 Malignant GIST Surg DM (liver, ovary), 4 AWD 27
8 28 F Parapharyn-geal space 6.0 High 3 2008 FDC sarcoma Surg + RT + ChT DM (lung), 14 AWD 22
9 55 M Tonsil 2.0 High 9 2008 FDC sarcoma Surg + RT LR, 18 AWD 21

AWD: Alive with disease; ChT: Chemotherapy; DFT: Disease-free time following operation; DM: Distant metastasis; DOD: Died of disease; GIST: 
Gastrointestinal stromal tumor; HG: Histological grades; LR: Local recurrence; MC: Mitotic counts; MPNST: Malignant nerve sheath tumor; NED: No evidence 
of disease; NPC: Nasopharyngeal carcinoma; PNET: Primitive neuroepidermal tumor; RT: Radiotherapy; Surg: Surgery; FDC: Follicular dendritic cell.

Table 2  Primary antibodies and antigen retrieving procedures

Antibodies Origins and 
clones

Dilutions Antigen 
retrieval

Sources

Pan-cytokeratin MAb, AE1/AE3 1:80 MW-citrate Invitrogen
EMA MAb, Mc5 1:100 MW-citrate Invitrogen
Vimentin MAb, V9 1:200 MW-citrate NeoMarker
Desmin MAb, ZC18 1:80 MW-citrate Invitrogen
SMA MAb, IA4 1:100 Not treated Invitrogen
CD45 MAb, RP2/18 1:120 MW-citrate Novacastro
CD68 MAb, KP1 1:200 MW-citrate Zeta
S-100 protein PAb, rabbit 1:400 MW-citrate Dako
CD21 MAb, 2G9 1:20 AC-EDTA NeoMarker
CD23 MAb, SP23 1:25 MW-citrate NeoMarker
CD35 MAb, KuN241 1:20 AC-EDTA NeoMarker
CD1a MAb, MTB1 1:20 MW-citrate Zeta
Podoplanin MAb, D2-40 1:50 AC-EDTA Zeta
p53 protein MAb, DO-7 1:100 AC-EDTA NeoMarker 
Ki-67 antigen MAb, MIB-1 1:200 AC-EDTA Zymed

Antibody suppliers: Dako, Glostrup, Denmark; Invitrogen Corporation, 
Carlsbad, CA, USA; NeoMarkers Inc., Fremont, CA, USA; Novacastro 
Laboratories Ltd., Newcastle upon Tyne, UK; Zeta Corporation, Sierra 
Madre, CA; Zymed Laboratories, San Diego, CA, USA. EMA: Epithelial 
membrane antigen; MAb: Mouse monoclonal antibody; PAb: Polyclonal 
antibody; SMA: Smooth muscle-type actin; MW-citrate: Microwaving for 
8 min in citrate buffer (pH 6.0); AC-EDTA: Autoclaving for 100 s in EDTA 
buffer (pH 9.0). 
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Literature review
Search of  literatures was performed using MEDLINE on 
PubMed (www.ncbi.nlm.nih.gov/pubmed) with the terms 
“follicular dendritic cell tumor” or “follicular dendritic cell 
sarcoma” combined with “extranodal”. Articles published 
in Chinese journals were found by searches on Wanfang-
data (www.wanfangdata.com.cn). References of  the col-
lected articles were also reviewed to identify other relevant 
publications. Efforts were made to identify cases that were 
reported more than once in different settings and only one 
entry with the most updated information was included for 
such cases. Nodal tumors were not included in this study.

Statistical analysis
Statistical analyses were carried out using the Software 
Packages for Social Science 13.0 for Windows (SPSS, Inc, 
Chicago, IL, USA). Survival of  patients was assessed us-
ing the data obtained from both the current study and the 
literatures. Overall and recurrence-free survival rates were 
calculated and analyzed using the Kaplan-Meier method. 
Associations of  different pathological factors with clinical 
outcomes were described by the Chi-square test. Fisher’s  
exact test was also used when necessary. P values below 
0.05 were considered significant.

RESULTS
Current cases 
Ages of  the nine patients (five men and four women) 
ranged from 23 to 63 years (median, 36 years). A local 
mass was the primary complaint in eight cases (Figure 1), 
and a sore throat was the first symptom in one patient (Case 
2). Sizes of  the tumors ranged from 2.0 to 15.0 cm as mea-
sured by the longitudinal dimension, averaging 7.2 cm. A 
diagnosis of  FDC sarcoma was made in four of  the nine 
cases following pathologic examination of  the resected 
specimens. For Cases 1, 2, 3, 5 and 7, the resected lesions 
were misdiagnosed as granulomatous inflammation suspi-
cious of  tuberculosis, nasopharyngeal carcinoma (NPC), 
primitive neuroectodermal tumor (PNET), malignant pe-

ripheral nerve sheath tumor (MPNST) and malignant gas-
trointestinal stromal tumor (GIST), respectively. The diag-
nosis of  FDC sarcoma was established by re-examination 
and immunohistochemistry with the delayed periods rang-
ing from one to 66 mo. Their clinicopathological features 
are listed in Table 1. No precursor lesions were recorded in 
any of  them.

Typically, the lesions were composed of  spindle and 
ovoid tumor cells arranged in whorl, fascicular and stori-
form patterns, showing mild nuclear atypia and sparkled 
with small lymphocytes (Figure 2). Of  the nine tumors, 
three (Cases 1, 5 and 6) were composed uniformly of  the 
typical components, and one (Case 3) showed typical com-
ponents in > 90% of  the area and epithelioid appearance 
in small foci (Figure 3A). In the remaining five cases, large 
areas of  epithelioid (Cases 2 and 8) and pleomorphic tu-
mor cell components (Cases 4, 7-9), arranged in a diffuse 
or sheet-like pattern and with moderate to marked nuclear 
atypia, were also identified (Figure 3B-D). Sporadic small 
lymphocytes were present throughout tumor tissues in all 
the four typical cases (Figure 2), and this feature was less 
prominent (Figure 3B) or even absent (Figure 3C and D) in 
the rest five lesions. Focal coagulative necrosis was identi-
fied in six cases (Cases 2, 3, 5-8). The hepatic lesion (Case 6)  
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Figure 1  Radiological features of extranodal follicular dendritic cell (FDC) sarcoma shown by computed tomographic scan. A: Case 8, a tumor (arrows) at 
the right parapharyngeal space showing soft tissue-like density and an expansive growth pattern, with the internal and external carotid arteries (arrowheads) engulfed; 
B: Case 6, a well-circumscribed mass (arrows) at the left lobe of liver, showing irregular enhancement at its periphery.

Table 3  Histological features of low- and high-grade FDC 
sarcomas

Parameters Low-grade phenotypes High-grade phenotypes

Architectures Nodular patterns in whorl, 
storiform and fascicular 
arrangement

Diffuse and sheet-like 
patterns

Cellular features Spindle or blunt cells with 
mild nuclear atypia and a 
small nucleolus in > 90% of 
area

Epithelioid or 
pleomorphic cells with 
marked nuclear atypia 
and large nucleoli

Mitotic counts < 5/10 HPF ≥ 5/10 HPF
Ki-67-LI < 10% ≥ 10%
Necrosis Absent Frequently present
Lymphocyte 
infiltration

Sporadic and throughout 
the lesion

Focal or regional
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A B

D E F

G H

C

Figure 2  Typical features of follicular dendritic cell sarcoma of the conventional (A-F) and inflammatory pseudotumor-like types (G and H). Spindle and 
ovoid tumor cells, frequently growing in nodules as in Case 1 (A), arrange in whorl (Case 3, B and C) and storiform (Case 3, D) and fascicular patterns (Case 6, H), 
with sprinkling small lymphocytes throughout the former type of lesions and numerous plasma cells and lymphocytes in the latter. Perivascular sclerosis was noted in 
Case 3 (E), with foci of osteoid matrix deposition resembling osteosarcoma (F). HE: A, × 40; B, E and G, × 100; C, D, F and H, × 200.

A B C

D E F

Figure 3  Atypical morphology of FDC sarcoma (A-D) and expression of p53 protein (E) and Epstein-Barr virus-encoded RNA (EBER) (F) in tumor cells. 
A-D: Epithelioid (A and B) and pleomorphic tumor cells (C and D) are arranged in a sheet-like or diffuse pattern. Lymphocyte infiltration is less prominent (A and B) 
or absent (C and D) in these areas. HE: A, C and D, × 400; B, × 200; E: Nuclear immunoreactivity for p53 protein in majority of tumor cells. S-P, × 400; F: In situ 
hybridization signal for EBER in tumor cells, × 400.
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was composed of  spindle cells with mild nuclear atypia and 
numerous inflammatory cells including plasma cells, resem-
bling an inflammatory pseudotumor (Figure 2G and H).  
In addition, neutrophils infiltration was observed in two 
lesions (Cases 3 and 8). In some tumor areas (Case 3), vas-
cular proliferation was prominent with perivascular sclerosis 
(Figure 2E) and focal deposition of  osteoid matrix mimick-
ing osteosarcoma (Figure 2F).

As described above, the histology varies greatly among 
the lesions. It is conceivable to predict clinical outcomes 
using pathological parameters. According to our own 
data and proposals by other authors[3], we defined the 
criteria for low- and high-grade FDC sarcomas using six 
parameters. As shown in Table 3, the former four were 
found to be decisive and regarded as major factors for the 
grading. The lesions with typical architectural and cellular 
phenotypes, mitotic counts below 5/10 HPF and Ki-67-
LI below 10%, as in Cases 1, 3, 5 and 6, were classified as 
low-grade tumors, and those with anaplastic morphology, 
mitotic counts up to 5/10 HPF and/or Ki-67-LI up to 
10%, as in Cases 2, 4, 7-9, as high-grade tumors. The rest 
two parameters, including necrosis and loss or reduction 
of  infiltrating lymphocytes, were found to be useful adju-
vant factors, but not prerequisites for establishing a diag-
nosis of  the high-grade lesion.

As listed in Table 4, all of  the nine lesions were posi-
tive for vimentin and negative for CK and CD45. Weak 
immunoreactivity for EMA was observed in two cases. A 
diagnosis of  FDC sarcoma was established by its immu-
nohistochemical phenotypes including positivity for CD21 
(9/9, 100%), CD23 (7/7, 100%) and CD35 (6/9, 67%). 
Podoplanin was detected in three (43%) of  the seven cas-
es. CD68 and S100 protein were detected in about half  of  
the lesions, but their expression levels were low to moder-
ate. Nuclear accumulation of  p53 protein, albeit at rela-
tively low levels, was observed in most of  the tumor cells 
in eight (89%) of  the nine lesions (Figure 3E). Amplifica-
tion and sequencing were successful for P53 exons 5-8 in 
one lesion (Case 9), and we failed to show any mutation. 
Ki-67-LI in these lesions was quite variable, ranging from 
1% to 40%. In situ hybridization was performed in seven 
of  the lesions for EBER, with positive signals demon-
strated only in the hepatic lesion (Case 6, Figure 3F).

As the initial treatment, surgery was performed for all 
of  the lesions, with the tumor masses completely removed 
in seven cases. In Cases 1 and 8, complete resection was 
not fulfilled because of  the involvement of  the internal 
carotid artery. Adjuvant treatment was given to six of  the 
patients (Cases 1, 3-5, 8 and 9) after the operation. Radia-
tion was administered in all the cases and chemotherapy 
in three cases (Cases 3, 5 and 8). The remaining three pa-
tients (Cases 2, 6 and 7) rejected any adjuvant treatment. 
Follow-up was carried out in all the cases for a period of  
12-86 mo, with a median of  27 mo. As shown in Table 1, 
seven (78%) patients remained alive, four of  them had re-
currence or metastasis and three were alive without event, 
and two (22%) died of  the tumor recurrence. Of  the six 
cases with events, two recurred locally and four had distant 
metastases, with a disease-free period below 3 years.

Clinicopathologic features of extranodal FDC sarcomas
Data of  106 extranodal FDC sarcomas, including nine 
new cases (Table 1) and 97 from literatures (Table 5), were 
extracted and reviewed carefully. Of  the patients, 56 were 
men and 50 were women, with a ratio of  1.1:1. Ages of  
the patients ranged from 9 to 82 years at diagnosis, with 
their mean being 46 years and median being 44 years. 
The tumors were identified at different anatomic regions. 
The abdominal and pelvic region was affected in 46 cases 
(43%), including 14 in the liver, 13 in abdominal/pelvic 
soft tissues, five in the spleen, and 14 at other organs 
including pancreas (n = 3), stomach (n = 3), colon and 
rectum (n = 3), appendix (n = 2), ampulla of  Vater (n = 
1), small intestine (n = 1) and adrenal (n = 1). Of  the five 
splenic cases, two also showed liver involvement. These 
hepatic lesions were regarded as metastasis in this study. 
Head and neck were another common region for FDC 
sarcoma (38/106, 36%), with tonsils and parapharyngeal 
space affected most frequently. Fourteen (13%) of  the le-
sions were identified from thoracic cavity, of  which nine 
were located at mediastinum, three at lung, one at pleura 
and one at the chest wall. The less frequent sites included 
breast (n = 3), soft tissues at thigh (n = 2), dura mater (n 
= 1), groin (n = 1) and skin (n = 1). Tumor sizes ranged 
from 1.5 to 21 cm as described in longitudinal dimensions, 
with a mean of  7.4 cm. A broad spectrum of  histological 

2509 May 28, 2010|Volume 16|Issue 20|WJG|www.wjgnet.com

Table 4  Expression of lineage-specific and kinetic-associated molecules and EBV-encoded RNA (EBER) in nine FDC sarcomas (Cases 1-9)

Cases CK EMA Vimentin CD45 CD21 CD23 CD35 Podoplanin CD68 S-100 protein p53 protein1 Ki-67-LI (%) EBER

1 - 1+ 3+ - 3+ NT 1+ NT NT NT 3+   4 NT
2 - - NT - 2+ NT 2+ NT NT - 2+ 15 NT
3 - 1+ 2+ - 2+ 3+ - 3+ NT - 2+   1 -
4 - - 3+ - 3+ 2+ 2+ - - 1+ 2+   8 -
5 - - 3+ - 2+ 2+ 3+ 2+ 1+ 2+ 2+ 15 -
6 - - NT - 1+ 2+ - - 1+ 1+ - 10 +
7 - - 2+ - 1+ 3+ 3+ - - - 2+ 40 -
8 - - 1+ - 3+ 2+ - 2+ 2+ 1+ 2+ 20 -
9 - - 2+ - 1+ 2+ 1+ - - - 2+ 35 -

1Evaluated by the percentages of positive tumor cells, although majority of the positive cells showing weak nuclear immunoreactivity. Immunoreactivities 
expressed as strong (3+), moderate (2+), weak (1+) and negative (-); NT: Not tested.
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Table 5  Clinicopathologic and therapeutic data of 97 cases of extranodal FDC sarcoma obtained from literatures (Cases 10-106)

Cases 
No.

Origins Age 
(yr)

Gender Size 
(cm)

Sites Initial treatment 
(responses)

Recurrence, DFT (mo) Status Follow-up 
(mo)

10 Chan et al[24], 1994 44 M      1.5 Tonsil Surg NED 36
11 Chan et al[24], 1994 63 F   3 Palate Surg + RT NED 54
12 Hollowood et al[25], 1995 23 F      6.5 Small intestine Surg LR (2 times), 6 AWD 24
13 Hollowood et al[25], 1995 63 M NA Pancreas head Surg LR, 8 DOD 11
14 Nayler et al[26], 1996 18 F   2 Tonsil Surg + ChT NA NA
15 Perez-Ordonez et al[16], 1996 40 F NA Abdomen Surg + ChT LR and DM (liver), 12 AWD 24
16 Perez-Ordonez et al[16], 1996 62 F NA Tonsil Surg NED 12
17 Perez-Ordonez et al[16], 1996 62 M NA Mediastinum Surg + ChT DM (lung), 24 AWD 24
18 Perez-Ordonez et al[16], 1996 46 M NA Mediastinum Surg + RT NED 12
19 Perez-Ordonez et al[16], 1996 31 M NA Mediastinum Surg NED 10
20 Perez-Ordonez et al[16], 1996 75 F NA Spleen Surg LR, 11 DOD 11
21 Selves et al[27], 1996 68 F NA Liver Surg + ChT NED 30
22 Shek et al[28], 1996 35 F NA Liver Surg LR (2 times), 30 AWD 60
23 Chan et al[3], 1997 42 M   8 Mesocolon, involving LN 

and peritoneum
Surg + ChT LR, 18 DOD 18

24 Chan et al[3], 1997 32 M NA Tonsil Surg + RT LR and DM (LN), 54 AWD 54
25 Chan et al[3], 1997 40 F   7 Parapharyngeal space Surg LR, 12 AWD 12
26 Chan et al[3], 1997 17 M 11 Neck soft tissue Surg + ChT NA NA
27 Chan et al[3], 1997 25 F   7 Neck soft tissue Surg + RT DM (lung), 20 AWD 20
28 Beham-Schmid et al[29], 1998 44 M   2 Nasopharynx Surg + RT + ChT NED 20
29 Shek et al[30], 1998 37 M      1.5 Liver Surg NED 24
30 Shek et al[30], 1998 61 F   4 Ampulla of Vater Surg NED 9
31 Araújo et al[31], 1999 14 M      1.5 Hard palate Surg NED 5
32 Desai et al[32], 1999 45 F NA Parapharyngeal space Surg LR, 31 NED 57
33 Fisher et al[33], 1999 41 F      2.5 Breast Surg LR and DM (LN), 36 NED 36
34 Galati et al[34], 1999 65 F      1.5 Thyroid Surg + RT NED 36
35 Schwarz et al[35], 1999 62 M 15 Abdominal wall Surg + RT NED 8
36 Choi et al[36], 2000 28 F   4 Neck soft tissue Surg DM (lung), 324 AWD 324
37 Choi et al[36], 2000 66 F NA Neck soft tissue Surg + RT DM (lung), 24 AWD 24
38 Han et al[37], 2000 45 M   5 Stomach Surg NED 10
39 Chan et al[38], 2001 34 M NA Nasopharynx Surg NED 36
40 Chang et al[39], 2001 37 F   5 Ascending colon Surg NED 7
41 Chen et al[5], 2001 57 F      9.5 Liver Surveillance AWD 36
42 Chen et al[5], 2001 51 F 15 Liver Surg NED 12
43 Chiaramonte et al[40], 2001 39 M NA Retroperitoneum Surg DM (LN and lung), 6 DOD 6
44 Shah et al[41], 2001 33 M      9.5 Lung Surg + ChT NA NA
45 Biddle et al[11], 2002 33 M NA Pharynx Surg + RT DM (lung), 10 AWD 10
46 Biddle et al[11], 2002 48 F      1.5 Tonsil Surg NED 6
47 Biddle et al[11], 2002 48 M      3.5 Tonsil Surg NED 8
48 Pileri et al[2], 2002 42 M NA Mediastinum Surg NED NA
49 Vargas  et al[42], 2002 54 F   3 Tonsil Surg NED 8
50 Vargas et al[42], 2002 54 F   6 Left parotid Surg + RT LR, 6 AWD 8
51 Ceresoli et al[43], 2003 35 M NA Mediastinum ChT + RT (Prog) DOD 7
52 Satoh et al[44], 2003 16 M   3 Tonsil Surg + RT + ChT NED 24
53 Geerts et al[45], 2004 40 F NA Stomach, with DM (liver) Surg AWD 5
54 Grogg et al[46], 2004 62 M NA Left-thigh soft tissue Surg NED 18
55 Grogg et al[46], 2004 57 F NA Tonsil, involving LN Surveillance AWD 8
56 Grogg et al[46], 2004 64 F 14 Spleen, with DM (liver) Surg + ChT NED 5
57 Kröber et al[47], 2004 76 M NA Mediastinum Surg + RT NED 24
58 O’Malley[48], 2004 38 M   5 Cecum Surg NA NA
59 Shi et al[49], 2004 37 M      1.5 Tonsil Surg + ChT NED 36
60 Bradshaw et al[50], 2005 9 M   5 Neck soft tissue Surg DM (lung), 60 NED 96
61 Kazakov et al[13], 2005 38 M      1.8 Skin Surg NA NA
62 Khalid et al[51], 2005 19 F 16 Liver ChT (PR) DOD 24
63 Torres et al[52], 2005 82 M 15 Liver Surg NED 18
64 Aydin et al[53], 2006 76 F       3.5 Tonsil Surg + RT NED 48
65 Choi et al[54], 2006 68 M NA Dura mater Surg + RT NED 7
66 Clement et al[55], 2006 27 F   4 Tonsil Surg + RT NED 6
67 Díaz de Liaño et al[56], 2006 NA NA NA Abdominal cavity Surg DM (liver), 18 NED 18
68 Gan et al[57], 2006 32 F      4.5 Parotid Surg NED 20
69 Jiang et al[58], 2006 46 F      8.4 Anterior mediastinum ChT (stable) DM (bone), 12 NED 19
70 Jiang et al[59], 2006 46 F 21 Pelvic/abdominal cavity, 

multiple
Surg NED 6

71 Kovács et al[60], 2006 65 M   4 Lung Surg NED 18
72 Li et al[61], 2006 19 M NA Nasal cavity Surg NED 11
73 Lu et al[62], 2006 72 F   7 Groin Surg NA NA
74 Shen et al[63], 2006 64 M    10.5 Pancreas Surg DM (liver), 18 NED 24
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phenotypes were described, while the most helpful diag-
nostic features were the typical arrangement of  spindle 
and ovoid tumor cells with eosinophilic cytoplasm, indis-
tinct cytoplasmic borders and syncytial appearance, and 
presence of  small lymphocytes in the tumor.

Morphologic information, indicative of  the architec-
tural and cellular anaplasia, was collected from the articles 
and re-evaluated carefully. Of  the 63 informative cases, 37 
(59%) were described as lesions with mild atypia, and 26 
(41%) with moderate to severe cytological atypia through-
out or in a certain area of  the tumor. In the current study, 
these two groups were classified into low-grade and high-
grade lesions, respectively. All of  the tumors occurring in 
the liver resembled an inflammatory pseudotumor in mor-
phology. Five of  the eight informative cases were divided 
into low-grade group, and the other three into high-grade 
group due to identification of  anaplastic components. 
Coagulative necrosis was recorded in 29 (45%) of  the 64 
informative cases. Mitotic counts were provided in 61 
cases, with 31 (51%) up to 5/10 HPF. Ki-67-LI was calcu-
lated in 20 lesions, with 14 (70%) up to 10%. Preoperative 
tumor spreading was identified in 15 (23%) of  the 66 in-
formative cases through pathological examination of  the 
resected samples, including local lymph node involvement 
in 11, distant metastasis to liver or peritoneal dissemina-
tion in three, and both nodal involvement and peritoneal 
spreading in one.

Management and clinical outcomes
One hundred and four patients received therapeutic pro-
cedures and two rejected any treatment. Of  the patients, 
100 (94%) were treated surgically to remove the tumor. 
Adjuvant treatment was administered in 35 cases, includ-
ing radiation in 20, chemotherapy in 10 and both proce-
dures in five. Chemotherapy was performed in most of  
the cases based on CHOP regimen including cyclophos-
phamide, adriamycin, vincristine and prednisone.

Follow-up data were available in 91 cases. The observa-
tion periods ranged from 3 to 324 mo, with a mean and a 
median of  27 and 19 mo, respectively. Overall, 38 patients 
(42%) had local recurrence and/or distant metastasis dur-
ing the adjuvant treatment or surveillance period, with the 
events occurring within 36 mo in most (33/37, 89%) of  
the cases. Local recurrence occurred in 21 patients (23%) at 
a median of  12 mo after surgical removal (range, 3-31 mo).  
Distant metastases occurred in 19 patients (21%) at a 
median of  14 mo after operation (range, 4-324 mo). Meta-
static sites included lung (n = 9), liver (n = 6), lymph node (n 
= 5), bone (n = 1), thorax (n = 1), ovary (n = 1) and kidney 
(n = 1). At the last follow-up, 12 patients (13%) died of  
the tumor, 25 (27%) were alive with disease, and 54 (59%) 
were alive with no evidence of  disease. The 2-year and 
5-year overall survival rates for the entire group were 82% 
and 79%, and their 2-year and 5-year disease-free survival 
rates were 57% and 32%, respectively (Figure 4).

75 Shia et al[64], 2006 30 M NA Rectum Surg LR, 10 AWD 15
76 Shia et al[64], 2006 29 F 12 Lesser omentum Surg NED 17
77 Shia et al[64], 2006 69 F NA Tonsil Surg + RT DM (hilar LN+lung), 96 AWD 108
78 Xu et al[65], 2006 16 M   5 Adrenal Surg NA NA
79 Chang et al[66], 2007 64 M 16 Chest wall Surg NED 15
80 Leipsic et al[67], 2007 43 M 13 Mediastinum Surg NA NA
81 Padilla-Rodríguez et al[68], 2007 35 M 21 Retroperitoneal space Surg + RT NED 24
82 Sander et al[69], 2007 44 F 11 Spleen Surg DM (thorax, liver and 

kidney), 4
DOD 9

83 Soriano et al[70], 2007 25 F   6 Pelvis Surg LR, 2, 2nd Surg+RT NED 14
84 Soriano et al[70], 2007 56 M   2 Pancreas, involving LN Surg + RT LR, 2 AWD 7
85 Soriano et al[70], 2007 33 M NA Nasopharynx Surg + RT LR, 10 DOD 14
86 Soriano et al[70], 2007 64 F   4 Spleen, with liver involved Surg + ChT AWD 29
87 Soriano et al[70], 2007 66 M 16 Pleura ChT (Prog) DOD 7
88 Tu et al[12], 2007 63 M 15 Jejunum mesentery Surg NA NA
89 Tu et al[12], 2007 43 M   4 Appendix Surg NA NA
90 Tu et al[12], 2007 28 F 15 Stomach Surg DM (liver), 3 AWD 3
91 Yuan et al[71], 2007 29 M 10 Liver Surg LR, 6 AWD 6
92 De Pas et al[72], 2008 40 F   4 Breast Surg NED 62
93 De Pas et al[72], 2008 53 F NA Liver Surg DM (LN), 11 DOD 22
94 De Pas et al[72], 2008 64 F      2.1 Breast Surg NED 20
95 Granados et al[73], 2008 57 F 13 Liver Surg NED 24
96 Liu et al[74], 2008 42 M 12 Gastrocolic omentum Surg NA NA
97 Peng et al[75], 2008 60 M   7 Mesentery Surg NA NA
98 Zhang et al[76], 2008 36 M NA Nasopharynx Surg NED 5
99 Zhang et al[76], 2008 32 F NA Spleen Surg NA NA
100 An et al[77], 2009 40 M   5 Liver Surg NED 3
101 Denning et al[78], 2009 64 F      1.7 Lung Surg NED 24
102 Liu et al[79], 2009 75 M   4 Liver Surg NA NA
103 Romero-Guadarrama et al[80], 

2009
54 F 15 Thigh soft tissue Surg LR, 12 NED 48

104 Shen et al[81], 2009 43 M   5 Appendix Surg LR, 8 NED 8
105 Vaideeswar et al[82], 2009 50 M      2.5 Tonsil Surg NED 48
106 Xu et al[83], 2009 57 F 11 Liver Surg NA NA

LN: Lymph node; NA: Not available; Prog: Disease progression.
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Prognostic factors
Associations between nine clinicopathological factors 
and recurrence risk were studied, and the results are 
summarized in Table 6. Of  the 60 informative lesions, 
25 (42%) were smaller than 5 cm and 34 (58%) were up 
to 5 cm in their longitudinal dimensions. Four (16%) of  
the smaller lesions relapsed (two with local recurrence 
and two with distant metastasis) and 19 (56%) of  the 
larger lesions relapsed (nine with local recurrence and 
10 with metastasis). The recurrence rate was markedly 
elevated with the increase of  tumor size (P = 0.003). In 
addition, a mortality rate of  17% was observed for cases 
with the larger lesions, and none of  the patients with 
smaller lesions died of  the disease (P = 0.036).

For most of  the lesions, as listed in Table 5, histo-
logical grades were assessed mainly according to descrip-
tions on architectural features and cellular atypia from 
respective literatures. For this reason, tumor necrosis, 
mitotic activity and Ki-67-LI were evaluated separately 
in this study. Of  the 63 informative cases, 37 (59%) were 
evaluated as low-grade and 26 (41%) as high-grade le-
sions. Twelve (32%) of  the low-grade lesions relapsed 
(seven with local recurrence, four with metastasis and 
one with both local recurrence and metastasis) and 15 
(58%) of  the high-grade lesions relapsed (seven with lo-
cal recurrence, seven with metastasis and one with both 

local recurrence and metastasis). The recurrence rate was 
higher in the latter group than in the former (P = 0.046). 
In addition, the high-grade lesions resulted in death in 
nine (35%) of  the cases, while only one (3%) of  the 
patients with low-grade lesions died of  the disease, the 
mortality rate being closely associated with tumor grade 
(P = 0.001). Eighteen (58%) of  the 31 lesions with a mi-
totic count ≥ 5/10 HPF relapsed, the frequency being 
higher than those with a count < 5/10 HPF (8/30, 27%, 
P = 0.013). The mortality rate (7/31, 23%) was also 
higher in the former group than in the latter (0/30, P = 
0.011). According to the limited number of  informative 
cases, increased Ki-67-LI (≥ 10%) appeared to indicate 
an unfavorable clinical outcome, but its impact failed to 
reach statistical significance (P = 0.628). The patients 
younger than 50 years tended to develop tumor recur-
rence more frequently (51%) than those over 50 years of  
age (31%), but without statistically significant difference 
(P = 0.072). Other factors, including gender, necrosis 
and therapeutic procedures following surgery, were not 
related to clinical outcomes (P > 0.05).

The associations of  tumor size, histological grade 
and mitoactivity with overall and disease-free survival are 
described in Figure 5. Among them, tumor size and histo-
logical grade were the most important factors, respectively, 
for tumor recurrence (Figure 5B) and disease-associated 
death (Figure 5C). Thus, a model was established for the 
recurrence risk assessment by combining the former two 
parameters. Recurrence rates of  lesions smaller than 5 cm, 
the larger lesions (≥ 5 cm) with low-grade histology and 
those with high-grade histology were 16% (4/25), 46% 

Table 6  Associations between clinicopathological parameters 
and recurrence risk in patients with extranodal FDC sarcoma

Pathologic parameters Recurrence frequencies (%) P  values

Age (yr)
   < 50 26/51 (51) 0.072
   ≥ 50 11/35 (31)
Gender
   Male 15/40 (38) 0.290
   Female 22/46 (48)
Size (cm)
   < 5 4/25 (16) 0.003
   ≥ 5 19/34 (56)
Histological grades
   Low 12/37 (32) 0.046
   High 15/26 (58)
Mitotic counts
   < 5/10 HPF 8/30 (27) 0.013
   ≥ 5/10 HPF 18/31 (58)
Ki-67-LI
   < 10% 2/6 (25) 0.628
   ≥ 10% 8/14 (57)
Necrosis
   Absent 17/35 (49) 0.307
   Present 13/29 (45)
Treatments
   Surgery alone 22/52 (42) 0.590
   Surgery + adjuvant therapy 15/31 (48)
Sites
   Abdominal/pelvic 18/37 (49) 0.372
   Other sites 20/53 (38)
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Figure 4  Overall (A) and disease-free survival curves (B) of FDC sarcoma. 
The results are based on follow-up data of 91 informative cases.
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(11/24) and 73% (8/11), respectively, their difference be-
ing significant (P = 0.000). Based on the recurrence poten-
tial, these three groups of  lesions were designated as low-, 
intermediate- and high-risk FDC sarcomas, respectively 
(Figure 6). A markedly higher mortality rate was also ob-
served in cases with a high-risk tumor (45%) than in those 
with the low-risk (0%, P = 0.001) and intermediate-risk 
lesions (4%, P = 0.006). The low-risk group had a longer 
survival and the high-risk group had the most unfavorable 
clinical outcomes considering both the tumor recurrence 
and mortality (Figure 7). 

During the follow-up period, 18 (49%) of  the 37 
informative lesions from abdominal and pelvic cavities 
recurred (20/53, 38%, P = 0.302). Of  the 37 abdomi-
nal/pelvic lesions, 12 occurred in the liver and 25 were 

identified from other tissues. A lower recurrence risk 
(3/12, 25%) was observed in hepatic lesions than in the 
extrahepatic lesions (15/25, 60%, P = 0.046). A more 
favorable disease-free survival was also observed for 
the former group (P = 0.004). However, there was no 
significant difference between the hepatic (2/12, 17%) 
and extrahepatic groups (5/25, 20%) in mortality (P = 
0.372, Figure 8). The size of  the hepatic lesions (mean, 
9.5 cm; range, 2-21 cm) was comparable to that of  the 
extrahepatic lesions (mean, 10.4 cm; range, 1.5-16 cm, 
P = 0.644). Morphologically, all of  the hepatic lesions 
belonged to the inflammatory pseudotumor-like variant, 
and most of  the extrahepatic lesions were classified into 
conventional type. However, we failed to show a sig-
nificant difference in frequency of  occurrence of  high-
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Figure 5  Overall (A, C and E) and disease-free survival curves (B, D and F) of patients with FDC sarcoma, showing data of 120 mo. 
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grade component between the hepatic (3/8, 38%) and 
extrahepatic lesions (7/18, 39%, P = 1.000).

The extrahepatic, abdominal/pelvic lesions were also 
compared with those occurring out of  abdominal/pelvic 
cavity. Their recurrence rates were 60% (15/25) and 38% 

(20/53), respectively, with the former lesions recurring 
more frequently (P = 0.000) and earlier (Figure 9). The 
former cases tended to have a higher mortality rate (5/25, 
20%) than the latter group (5/53, 6%), but without statis-
tically significant difference (P = 0.051, Figure 9). These 
two groups also showed difference in their sizes, with the 
average of  the former group (9.5 cm) being larger than 
that of  the latter group (5.3 cm, P = 0.003). They were 
not significantly different in histological grade (P = 0.204), 
with high-grade phenotypes observed in 57% (26/46) of  
the former lesions and 39% (7/18) of  the latter lesions.

DISCUSSION
FDC sarcoma may occur in extranodal tissues from a 
variety of  anatomical sites, including head and neck, liver, 
spleen, gastrointestinal tract, soft tissue, skin, lung and 
breast[14]. As shown in this survey, abdominal/pelvic cav-
ity and head/neck areas are affected more frequently, 
where 43% and 36% of  extranodal FDC sarcomas were 
identified. It usually presents with a solitary tumor, typi-
cally composed of  spindle and ovoid cells with scattered 
mature lymphocytes. However, there is a broad spectrum 
of  morphologic variations in this tumor, some of  which 
overlap with those of  other neoplasms including ectopic 
meningioma, thymoma, myoepithelial tumor, inflamma-
tory myofibroblastic tumor and GIST. In our series, oste-
oid component was found in a low-grade FDC sarcoma  
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(Case 3). This is the first case showing presence of  an 
osteosarcoma-like phenotype (Figure 2F). Misdiagnosis 
may occur when a pathologist is not aware of  the tumor, 
as in Cases 1 and 2 of  the current series (Table 1). The 
diagnosis can be established by immunohistochemical 
demonstration of  CD21, CD23, CD35[70], podoplanin and 
clusterin expression[64,84,85].

FDC sarcoma is usually regarded as an indolent tumor 
with a tendency of  local recurrence but a low risk of  me-
tastasis, behaving like a low-grade soft tissue sarcoma[15]. 
In a study of  13 cases, Perez-Ordonez et al[16] observed a 
substantial risk of  metastases, prompting consideration 
of  this malignancy to be of  intermediate grade. An analy-
sis by Shia et al[64] found that the 2- and 5-year recurrence-
free survival rates were 62% and 27%, respectively. In 
our study, a total number of  106 extranodal cases were 
analyzed. The recurrence rate was 42%, including local 
recurrence in 23% and distant metastasis in 21% of  the 
cases, and the mortality rates were 13% over the periods 
from 3 to 324 mo (mean, 27 mo; median, 19 mo). The 
2-year and 5-year disease-free survival rates were 57% 
and 32%, and the 2-year and 5-year overall survival were 
82% and 79%, respectively. It appears that extranodal 
FDC sarcomas, as a whole, are more aggressive than a 
low-grade soft tissue sarcoma.

As demonstrated in this study, pathologic representa-
tions of  extranodal FDC sarcoma are variable among 
different cases. New approaches are needed to find most 

important prognostic factors relevant to their clinical 
outcomes. It has been proposed that intra-abdominal in-
volvement, a high mitotic count (≥ 5/10 HPF), coagu-
lative necrosis and marked cellular atypia are potentially 
helpful predictors of  an unfavorable outcome[3]. In this 
study, nine clinicopathological parameters were analyzed, 
and large tumor size (≥ 5 cm in diameter), high-grade 
histology and high mitotic counts (≥ 5/10 HPF) were 
found to be closely associated with the clinical outcomes. 
The recurrence risk seemed to be increased in lesions 
with high Ki-67-LI, but the association showed no statis-
tical significance. It needs to be clarified in future studies 
with a larger number of  informative cases.

While some histological phenotypes, including cellular 
atypia, mitoactivity and coagulative tumor necrosis, were 
considered important parameters for prognosis assess-
ment[3], a grading model remains to be established. Soriano 
et al[70] identified five high-grade lesions from 14 FDC 
sarcomas based on cellular atypia, but they failed to show 
its relevance of  statistical significance to clinical outcomes. 
In this study, we examined nine new cases from north-
ern China, extracted and reviewed data of  97 cases from 
literatures, and established histological criteria for low-
grade and high-grade FDC sarcomas according to four 
major parameters including architectural alteration, cellular 
atypia, mitoactivity and/or Ki-67-LI (Table 3). Using this 
model, 63 informative cases were classified into low- (n = 
37) and high-grade lesions (n = 26). Their recurrence rates 
were 32% and 58%, and their mortality rates were 3% and 
35%, respectively. The results show a significant differ-
ence in their recurrence risks and mortality rates. Our data 
demonstrate that these two groups of  lesions behave like 
low- and high-grade soft tissue sarcomas.

It should be noted that, for reported cases, histological 
grades were evaluated mainly according to two parameters 
(the architectural features and cellular atypia) in this study. 
Mitotic counts were not available for about half  of  the 
cases from literatures, and Ki-67-LI was provided in only 
21 of  the reported cases. For this reason, influence of  
mitoactivity on clinical outcomes was evaluated separately, 
with the recurrence rates of  the mitotically indolent (< 
5/10 HPF) and active lesions (≥ 5/10 HPF) determined 
to be 27% and 58%, respectively. It is expected that, 
with the assessment based on all of  the six parameters 
including four major and two adjuvant factors (Table 3),  
the predicting power of  our grading model for tumor re-
currence risk would be stronger. This has been reflected 
in our own cases: the recurrence rates of  the low- and 
high-grade lesions were 25% (1/4) and 100% (5/5), re-
spectively.

Among the three parameters associated with clinical 
outcomes of  extranodal FDC sarcoma, tumor size was 
shown to be most important. It appears that tumor size is 
a main factor for predicting its recurrence potential, and 
histological grade is closely associated with mortality rate 
mainly in patients with larger tumors (Figures 5 and 6). 
Considering the independent impact of  the size to tumor 
behaviors and close association between mitoactivity and 
histological grade, we combined the size and grade fac-
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Figure 9  Overall (A) and disease-free survival curves (B) of patients with 
extrahepatic FDC sarcomas, showing data of 120 mo. The lesions are 
divided into abdominal/pelvic and non-abdominal/pelvic groups.
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tors, and proposed a model for recurrence risk assessment 
(Figure 6). By this model, FDC sarcomas were classified 
into low-, intermediate- and high-risk groups. Recurrence 
rates in the three groups were 16%, 46% and 73%, and 
the mortality rates were 0%, 4% and 45%, respectively. 
This will provide a convenient approach for diagnostic 
pathologists to predict the clinical outcomes of  the tumor 
more accurately following its surgical resection or even 
with a biopsy. It should be noted that it is impossible to 
know exactly whether an FDC sarcoma developed from 
lymph node or extranodal tissues at advanced stages, as in 
some of  the cases in this study. We believe that this model 
may also be applied for prognosis assessment of  the FDC 
sarcomas which develop from lymph nodes.

Chan et al[3] pointed out that intra-abdominal location 
was associated with a higher recurrence rate. In this study, 
the recurrence rates of  the intra-abdominal lesions and 
those from other sites were 49% and 38%, respectively, 
but their difference did not attain a statistical significance. 
Interestingly, a lower recurrence rate (25%) and a more fa-
vorable clinical course were observed in the hepatic lesions 
as compared with that of  the extrahepatic, abdominal/pel-
vic tumors (60%). It seems to be true that, for extranodal 
FDC sarcomas of  the conventional type, intra-abdominal 
lesions recur more frequently than those from other sites. 
The tumors of  the former group were found to be larger 
at diagnosis (9.5 cm) than the latter lesions (5.3 cm).  
It is conceivable to ascribe their difference in clinical out-
comes to their size difference, considering the fact that 
abdominal/pelvic FDC sarcomas are frequently concealed 
and diagnosed later compared with those from other sites 
including head, neck and some superficial areas.

While its pathogenesis has not been established, sev-
eral factors were linked to development of  FDC sarcoma. 
Some FDC sarcomas from lymph nodes appear to be as-
sociated with hyaline-vascular type Castleman disease[86], 
and similar changes were also noted in tissues surround-
ing some rare extranodal tumors[38,87,88]. Several reports 
have observed FDC proliferation and dysplastic changes 
in lymphoid tissues with Castleman disease where an 
FDC sarcoma develops[38,89-91], apparently supporting the 
hypothesis that FDC sarcoma develops from Castleman 
disease in a hyperplasia - dysplasia - neoplasia sequence[24]. 
However, the association was not evident in any lesion of  
our series.

There have been some data indicative of  a link 
between persistent EBV infection and Castleman dis-
ease[92,93]. EBER signals were also demonstrated in some 
FDC sarcomas, particularly the hepatic and splenic le-
sions[4-9]. Most of  these EBV-positive lesions contain 
numerous inflammatory cells, including plasma cells and 
lymphocytes, and dispersed tumor cells, thereby being 
described as inflammatory pseudotumor-like FDC sar-
coma[94]. In this study, EBER was demonstrated in the 
hepatic inflammatory pseudotumor-like lesion (Case 6), 
but not in any of  the six conventional FDC sarcomas ex-
amined. It appears to be true that inflammatory pseudotu-
mor-like FDC sarcomas are related to EBV infection.

Clonal cell composition was described in an extranodal 

FDC sarcoma[17], but greater efforts are required to elu-
cidate its genetic background and establish its molecular 
pathogenesis. Nuclear immunoreactivity for p53 protein 
was noticed fortuitously in a few cases[17,38]. In this series, 
eight extranodal FDC sarcomas without a background of  
Castleman disease were tested, and a low-level accumula-
tion of  p53 protein was observed in majority of  tumor 
cells. Our data raises a possibility of  involvement of  the 
p53-mediated pathway during development or progres-
sion of  FDC sarcoma. In addition, P53 exons 5-8, where 
most of  the P53 gene mutations had been found[19,95], 
were examined in one of  the lesions, but without any 
mutation demonstrated. Based on these data, we consider 
that the nuclear immunoreactivity may reflect accumula-
tion of  wild-type p53 protein. This phenomenon may be 
an adaptive reaction responsive to elevated mitotic activ-
ity and/or increased stress for cell survival, as observed 
in other cell types under neoplastic[96] and non-neoplastic 
conditions[18,97-99].
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Background
Follicular dendritic cell (FDC) sarcoma is a rare tumor, occurring in lymph 
nodes and extranodal tissues. It is usually regarded as an indolent tumor with 
a tendency of local recurrence but a low risk of metastasis. With more cases 
encountered during pathological practice and reported from literatures, various 
morphologic and clinical representations were noticed. Because of the rarity 
of the tumor, assessment of its prognosis remains difficult. Clearly, histological 
grade of this malignancy remains to be defined and a model is needed to 
evaluate the recurrence risk of individual tumors within this category.
Research frontiers
While FDC sarcoma is regarded as an indolent tumor, like a low-grade 
soft tissue sarcoma, a broad spectrum of pathologic phenotypes and more 
aggressive clinical representations were noticed for this tumor type. Intra-
abdominal involvement, elevated mitoactivity, coagulative necrosis and marked 
cellular atypia were considered potentially helpful predictors of an unfavorable 
outcome, but a grading model remains to be established. In this study, a 
total number of 106 extranodal FDC sarcomas, nine new cases and 97 from 
literatures, were analyzed, histological grades of this malignancy were defined 
and a model was established for recurrence risk assessment of the tumor.
Innovations and breakthroughs
In this study, data of 106 cases of extranodal FDC sarcoma were extracted 
and reviewed. Histological criteria for low-grade and high-grade FDC sarcomas 
were established according to four major parameters including architectural pat-
tern, cellular atypia, mitoactivity and/or Ki-67-labeling index. Using this model, 
63 informative cases were divided into low- (n = 37) and high-grade lesions 
(n = 26). Their recurrence rates were 32% and 58%, and the mortality rates 
were 3% and 35%, respectively. The results showed a significant difference in 
their recurrence risks and mortality rates. In addition, nine clinicopathological 
parameters were analyzed, and large tumor size (≥ 5 cm in diameter), high-
grade histology and elevated mitotic counts (≥ 5/10 HPF) were found to be 
closely associated with the clinical outcomes. According to the tumor size and 
histological grade, a model was proposed for recurrence risk assessment. By 
this model, FDC sarcomas were classified into low-, intermediate- and high-risk 
groups, and their recurrence rates were 16%, 46% and 73%, and the mortality 
rates were 0%, 4% and 45%, respectively.
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Applications
A grading approach was established for evaluating aggressiveness of extra-
nodal FDC sarcomas, and the lesions were divided into low-grade and high-
grade categories. According to the tumor size and histological grade, a model 
was proposed for recurrence risk assessment. This will provide a convenient 
procedure for diagnostic pathologists to predict the clinical outcomes of the tu-
mor more accurately following its surgical resection or even with a biopsy. This 
model may also be applied to the prognosis assessment of the FDC sarcomas 
which develop from lymph nodes.
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