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Abstract
Objective To examine the clinicopathological features, immunohistochemical profiles, and differential diagnosis of 
sclerosing angiomatiod nodular transformation (SANT).

Methods Three cases of SANT of the spleen, diagnosed between 2014 and 2023 at the Affiliated Hospital of Zunyi 
Medical University, were analysed. Pathological features were assessed using haematoxylin and eosin staining, 
followed by immunohistochemistry with the EnVision system. Additionally, a review of relevant literature was 
conducted.

Results The study included one male and two female patients aged 40–55 years, with a median age of 47.5 
years. All lesions were solitary, with tumour diameters ranging from 4 to 7.4 cm (mean 5.7 cm). Gross examination 
demonstrated that the masses were well-demarcated from the surrounding splenic tissue, with no evident capsule. 
The cut surfaces of the masses exhibited irregular, porcelain-white nodules that were tough in consistency, with 
some areas intermingling with splenic tissue. Microscopic examination revealed round or circular nodules comprising 
multiple slit-like or sinusoidal capillaries, separated by concentric collagen fibres. The nodules exhibited chronic 
inflammatory cell infiltration, calcification, haemosiderin deposition, and fibrous connective tissue with hyaline 
or mucoid changes. Immunohistochemical analysis demonstrated differential expression of markers, including 
cluster of differentiation (CD) 34, CD31, and CD8, within the sinusoidal nodule areas. Periodic acid-Schiff staining 
was positive for perinodular collagen deposits, while reticulin staining highlighted nodule profiles and intranodular 
vessels. None of the patients experienced postoperative recurrence or metastasis, and one patient was on aspirin for 
thrombocytosis.

Conclusion SANT of the spleen is generally considered a rare, benign lesion with angioma-like characteristics. 
It exhibits exhibiting distinctive histomorphological features within the red pulp. Understanding the differential 
diagnosis is crucial to prevent missed or incorrect diagnoses.
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Background
Sclerotic nodular transformation, also known as scleros-
ing angiomatiod nodular transformation (SANT), is a 
rare benign spleen lesion with angioma-like characteris-
tics and distinctive histomorphological features [1]. It was 
first described in 2004 by Martel et al. [2], who detailed 
its unique pathological and immunohistochemical fea-
tures, establishing it as an independent disease entity. 
Due to its rarity, the pathogenesis of SANT remains 
unclear, and it often presents without clinical symptoms. 
Its distinctive histomorphology and non-specific imaging 
characteristics contribute to frequent missed or incorrect 
diagnoses during clinicopathological evaluations. This 
study reports and analyses three cases of splenic SANT, 
focusing on their clinical pathology, immunohistochem-
istry, and imaging characteristics, alongside a review of 
relevant literature to enhance awareness of this disease.

Materials and methods
Clinical information and diagnosis
From 2014 to 2023, three cases of SANT were confirmed 
in the Department of Pathology. The immunohistochem-
ical analysis employed antibodies against cluster of dif-
ferentiation (CD) 34, CD31, CD21, CD23, CD68, factor 
VIII (F8), anaplastic lymphoma kinase (ALK), leukocyte 
common antigen (LCA), smooth muscle actin (SMA), 
vimentin, podoplanin, CD8+, S100, human melanoma 
black (HMB)-45, and Ki67, all procured from Fuzhou 
Maixin Co., Ltd. Additionally, periodic acid-Schiff (PAS) 
and reticulin fibre staining were performed for Case 2. 
All pathological sections were reviewed and confirmed 
by two independent pathologists.

Methods
All specimens underwent fixation in a 4% neutral form-
aldehyde solution, followed by routine dehydration, par-
affin embedding, and sectioning at 3–4  μm thickness. 

Haematoxylin and eosin staining was applied for histo-
pathological examination. Immunohistochemical stain-
ing used the EnVision two-step method, with antibodies 
applied strictly following the manufacturer’s instructions. 
A phosphate-buffered saline buffer substituted the pri-
mary antibody for the blank control, while known posi-
tive tissues served as positive controls.

Results
Clinical features
The clinical data of the three SANT cases are presented 
in Table 1. The study included two females and one male, 
aged 40–55 years, with a median age of 47.5 years. Cases 
2 and 3 were incidentally found to have splenic lesions 
during physical examinations without apparent clinical 
symptoms. Case 2 had concurrent renal cysts, while Case 
3 presented with multiple liver cysts. One patient expe-
rienced spleen-related abdominal pain due to chronic 
calculous cholecystitis. Imaging examinations of all 
three patients revealed splenic space-occupying lesions, 
initially suspected to be lymphangioma or lymphoma 
(Fig.  1). Case 3 involved laparoscopic splenectomy. In 
Case 2, due to dense adhesions between the lower pole 
of the spleen and adjacent structures, open total splenec-
tomy with partial resection of the descending colon was 
performed to ensure complete tumour removal and rule 
out malignancy. During postoperative follow-up, Case 1 
was lost to follow-up, while Cases 2 and 3 were followed 
up for 11 and 9 months, respectively. Case 2 was clini-
cally managed for primary thrombocytosis and treated 
with aspirin, with no recurrence or metastasis observed 
in either case.

Pathological diagnosis
The isolated mass within the splenic parenchyma, mea-
suring between 4 and 7.4 cm in diameter, was distinctly 
demarcated from the surrounding splenic tissue, lacking 

Table 1 Clinical data of the three cases of splenic sclerosing angiomatiod nodular transformation
Number Sex Age 

(years)
Clinical symptoms Tumour 

diameter 
(cm)

Diagnostic imaging Surgical method Concomitant 
diseases

Follow-up

1 F 55 Repeated abdominal pain 
for 2 months, worsened 
over 3 days

6.2 MRI revealed a splenic 
lesion, suggestive of hae-
mangioma or lymphoma

Laparoscopic 
splenectomy

Chronic 
calculous 
cholecystitis

Lost to 
follow-up

2 M 40 Incidental finding of 
splenic space-occupying 
lesion during a physical 
examination lasting > 10 
days

7.4 MRI indicated an angio-
genic tumour or haeman-
gioma with calcification, 
fibrosis, and thrombosis

Open abdomi-
nal splenec-
tomy + partial 
resection of the 
descending 
colon

Small left renal 
cyst

Follow-up for 
11 months, 
primary 
thrombocy-
tosis treated 
with aspirin

3 F 51 Incidental finding of 
splenic lesion during a 
physical examination over 
6 months

4 CT revealed an an-
terior spleen space-
occupying lesion, likely a 
haemangioma.

Laparo-
scopic total 
splenectomy

Multiple small 
liver cysts

Follow-up 
for 9 months 
without 
recurrence

F, female; M, male; MRI, magnetic resonance imaging; CT, computed tomography
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an obvious capsule. The cut surface of the mass exhib-
ited irregular, porcelain-white nodules that were tough in 
texture and partially interspersed with the splenic tissue 
(Fig. 2).

Under microscopic examination, all three cases exhib-
ited masses of varying sizes, characterised by round 
or oval angioma-like or granuloma-like nodules with 
partial fusion. Collagen fibres arranged concentrically 
around the nodules separated them (Fig.  3A). In Case 
2, internodular connective tissue showed hyaline or 

myxoid degeneration, while Case 3 revealed calcifica-
tion and haemosiderin deposition. Slit-like or sinusoidal 
capillaries with plump endothelial cells were observed 
in the nodes using high-power microscopy. These cells 
appeared spindle-shaped or oval with normal morphol-
ogy, rare mitotic figures, and abundant light-staining 
cytoplasm with vacuolation, resembling foam cells or 
granulomatous lesions (Fig. 3B). No multinucleated giant 
cells were observed. A small number of red blood cells 
were present in the central vascular lumen of the nodule, 

Fig. 2 The boundary between the mass and the surrounding splenic tissue appears clear, without an obvious capsule. The cut surface of the mass shows 
an irregular, porcelain-white, tough, nodular area in the centre, interspersed with splenic tissue and surrounded by greyish tissue

 

Fig. 1 Computed tomography showing isolated, well-demarcated, low-density, oval foci with occasional calcification (red arrow)

 



Page 4 of 8Zeng et al. World Journal of Surgical Oncology          (2024) 22:291 

with some extravasation. The margins of the nodules 
contained scattered neutrophils, lymphocytes, plasma 
cells, and histiocytes.

Immunohistochemical analysis of the three cases 
revealed specific staining patterns. In the sinusoidal 
spaces, both round or irregular vascular endothelial cells 
and some vascular spindle cells exhibited diffuse and 
strong positivity for CD34 and CD31 (Fig. 4A and B), as 
well as positivity for F8. Ovoid cells, spindle-shaped foam 
cells, and tissue cells outside the nodules expressed CD68 
(Fig.  4C) and CD163. Fibrocytes surrounding the nod-
ules and vascular smooth muscle cells within the nodules 
were positive for SMA (Fig.  4D). Vimentin expression 
was observed in foam cells and endothelial cells within 
the nodules, as well as in endothelial cells, fibroblasts, and 
other mesenchymal cells outside the nodules. Inflamma-
tory cells inside and outside the nodules expressed LCA. 
Additionally, some regions showed CD8 expression. The 
Ki67 proliferation index ranged from 2 to 5%. However, 
no expression of CD21, CD23, ALK, S100, or HMB-45 
was observed.

Special staining techniques revealed distinct character-
istics in the tissue samples. PAS staining demonstrated 
positive collagen deposits surrounding the nodules. 
Reticular fibre staining highlighted the positive nodule 
contours and also marked the blood vessels with them.

Discussion
In 1993, Krishnan proposed that splenic SANT is a pecu-
liar form of haemangioma or hamartoma [3]. In 2004, 
Martel et al. [2] documented 25 cases and were the first 
time to describe the unique pathohistological features 
of SANT, including a solid mass with clear delinea-
tion, a multinodular haemangioma-like structure, and 

differential expression of vascular immunolabelling in 
haemangioma-like areas, subsequently naming it SANT. 
While some scholars consider splenic SANT a neoplastic 
lesion, others view it as a benign angioma-like non-neo-
plastic lesion of the splenic red pulp. Therefore, the aeti-
ology and pathogenesis of splenic SANT remain subjects 
of ongoing debate.

Clinical features of SANT
SANT predominantly affects middle-aged and elderly 
women, with ages ranging from 9 weeks to 85 years and 
a median age of 46 years [4]. Most patients are asymp-
tomatic, and the condition is often discovered inciden-
tally during physical examinations or evaluations for 
other abdominal discomforts. Some patients might pres-
ent with anaemia, thrombocytopaenia, or other reactive 
changes. In this study, Case 2 was diagnosed with primary 
thrombocytosis postoperatively, indicating that splenic 
SANT can affect spleen red pulp function [5]. Patients 
with SANT might also have benign or malignant lesions 
in other organs, such as liver and kidney cysts, chronic 
cholecystitis, gastrointestinal malignancies, lung can-
cer, kidney cancer, breast cancer, uterine clear cell can-
cer, and sarcoma [4, 6–9]. In the reported cases, all three 
patients had accompanying diseases. Cases 2 and 3 were 
asymptomatic and discovered incidentally during physi-
cal examinations, with kidney and liver cysts, respec-
tively. Case 1 was diagnosed with a splenic lesion during 
treatment for chronic calculous cholecystitis. Hanwen 
et al. [10] identified an association between SANT with 
malignant tumours, coining the term “tumour-splenic 
SANT syndrome”, with its pathogenesis and prognosis 
related to the nature and American Joint Committee on 
Cancer stage of the tumour. This association warrants 

Fig. 3 A Low-magnification (50×) view showing the mass, which comprises round or oval angioma-like or granuloma-like nodules (blue arrow) with 
partial fusion. Numerous concentric collagen fibres (black arrow) surround and separate the nodules. B High magnification (400×) view of the nodules 
comprising slit or sinusoidal capillaries. The endothelial cells in the vascular spaces are plump, spindle-shaped, oval, and atypical, with rare nuclear divi-
sion. They exhibit rich cytoplasm, light staining, and vacuolation, resembling foam cells (green arrow) and granulomatous lesions
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further attention from clinicians and pathologists. Addi-
tionally, some reports describe SANT co-occurring with 
calcified fibrotic tumours [11, 12], suggesting a possible 
link to non-specific inflammation and sclerosis in SANT 
[13]. However, due to the limited number of such reports, 
further case accumulation and analysis are necessary to 
provide stronger theoretical support. SANT is an excep-
tionally rare condition, primarily found in the spleen, 
with only one reported case occurring in the adrenal 
gland [14].

Pathological features of SANT
SANT exhibits benign biological behaviour. Typically, 
spleen masses range from 68 to 2720 g, with lesion diam-
eters spanning from 1.0 to 17.0  cm [15]. Single lesions 
are more common, although multiple foci have been 
reported [12, 16]. Lesions are characterised by a clear 
boundary, often lacking an obvious capsule, although 

some literature mentions the formation of an enveloping 
structure around the lesion [17]. On sectioning, the mass 
appears solid with a grey-brown colouration, display-
ing an uneven surface and irregular central stellate scar. 
Some cases might exhibit haemorrhage and alternation 
with surrounding normal spleen tissue while maintain-
ing a clear boundary. Microscopically, lesions consist of 
round or oval nodules comprising multiple slit or sinu-
soidal capillaries. Collagen fibres surround these nodules 
in concentric patterns, separating them. Chronic inflam-
matory cell infiltration, fibrous connective tissue changes 
resembling glass or mucoid material, calcification, and 
haemosiderin deposition are commonly observed. 
Immunohistochemical analysis reveals heterogeneous 
expression in haemangioma-like areas, with reported 
vessel types including capillary (CD34+, CD31+, and 
CD8-), sinusoid space (CD31 +, CD8 +, and CD34-), and 
venular vessels (CD31+, CD34-, and CD8-). Special stains 

Fig. 4 A Sinusoidal, round, or irregular vascular lumen endothelial cells, along with some vascular spindle cells, show diffuse and strong positivity for 
cluster of differentiation 34 (black arrow). B Sinusoidal, round, or irregular vascular lumen endothelial cells, as well as some vascular spindle cells, exhibit 
diffuse and strong positivity for cluster of differentiation 31 (black arrow). C Oval cells, adipose spindle-shaped cells (foam cells), and stromal cells outside 
the nodules exhibit cluster of differentiation 68 expression (black arrow). D Fibrocytes surrounding nodules and vascular smooth muscle cells show 
smooth muscle actin expression (black arrow)
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such as PAS staining highlight positive collagen deposits 
surrounding the nodules, while reticulin fibre staining 
delineates the nodular outline and blood vessels.

Imaging examinations of SANT
On computed tomography (CT) scans, splenic SANT 
typically presents as isolated, well-defined oval lesions 
with slightly lower density, occasionally showing calci-
fication. Magnetic resonance imaging (MRI) findings 
include equal or slightly low T1-weighted signal, slightly 
uneven low T2-weighted signal, low signal on diffusion-
weighted imaging, and non-specific apparent diffusion 
coefficient signal. Enhanced scans reveal gradual, concen-
tric, nodule-like enhancement with central delayed rein-
forcement, sometimes exhibiting a “star sign” or “spoke 
wheel sign“ [18]. The characteristic “spoke wheel” pattern 
observed in some CT/MRI scans of SANT is not specific 
and is believed to correlate with the degree of fibrous 
connective tissue segmentation within the lesions [19]. 
Positron emission tomography/CT scans often show high 
metabolic activity, possibly due to the presence of gran-
uloma-like nodular tissue rich in haemosiderin-laden 
macrophages, fibrocytes, and chronic inflammatory cells 
associated with SANT [19]. Given the low incidence and 
non-specific imaging features of this condition, achieving 
a definitive preoperative diagnosis remains challenging. 
Accurate diagnosis continues to rely on pathological his-
tology and immunohistochemistry. In the three reported 
cases of SANT, early imaging often led to misdiagnoses 
such as haemangioma, lymphangioma, or lymphoma. 
Given its rarity, more experience with imaging is needed 
to distinguish SANT from other diseases.

Aetiology and pathogenesis
Martel et al. [2] proposed that SANT develops through 
a maturation process from the red pulp structure of the 
spleen to slit-like vessels, eventually forming granuloma-
like nodules surrounded by fibrous connective tissue, cul-
minating in non-specific inflammation and sclerosis. Jun 
et al. [20] suggested a pathological progression for SANT, 
involving stages from haemangioma-congestion, haem-
orrhage, and necrosis to granulation tissue formation, 
nodular inflammatory pseudotumour-like areas, and 
finally collagenisation and fibrotic hyperplasia in nodular 
angioma-like areas, closely tied to haemangioma devel-
opment. Han et al. [17] investigated the role of CD30 in 
SANT pathology, proposing its involvement in pulmo-
nary blood vessel remodelling [21], and highlighted dif-
ferential immunoglobulin (Ig) G4 distribution between 
lesions and normal spleen, potentially linking IgG4 to 
SANT development. The association between SANT and 
Epstein–Barr virus infection and IgG4-related diseases 
remains debated, necessitating further research for con-
firmation. Chang et al. [22] in 2006 supported the theory 

that SANT is a polyclonal reactive lesion rather than a 
true tumour, suggesting it arises from vascular damage or 
dysfunction with neoplastic vascular proliferation in the 
red pulp of the spleen. In 2021, Uzun et al. [23] conducted 
molecular studies indicating that catenin beta-1 exon 3 
deletions, leading to oncogenic β-catenin formation and 
Wnt pathway hyperactivation, might play a fundamen-
tal role in SANT pathogenesis. This evidence supports 
SANT as a genuine vascular tumour of the spleen, rein-
forcing its neoplastic nature. The pathogenesis of splenic 
SANT remains controversial, predominantly viewed as 
a reactive benign lesion associated with haemangioma, 
necessitating further investigation for clarification.

Differential diagnosis of SANT
Due to its rarity, limited clinical symptoms, distinctive 
histomorphology, and poor imaging specificity, splenic 
SANT can often be mistaken for other splenic diseases. 
The main differential diagnoses include the following: 
① Inflammatory pseudotumour/inflammatory myofi-
broblastic tumour: These tumours consist primarily of 
inflammatory and spindle-shaped fibroblastic/myofi-
broblastic-like cells. They exhibit collagen and mucus 
changes in the stroma against a background of chronic 
inflammation, resembling SANT. However, they lack the 
characteristic nodular angioma-like structure of SANT 
and typically express ALK by immunohistochemistry, 
while they do not express CD8, CD31, or CD34 markers. 
② Splenic hamartoma: This comprises vessels of varying 
thickness and irregular arrangement, lined with endo-
thelial cells. Splenic hamartomas express markers such 
as F8, CD8, CD8, and CD31 similar to SANT, but do not 
express CD34, CD21, or CD68. Unlike SANT, they do not 
exhibit nodular angioma-like structures or collagen fibre 
hyperplasia. ③ Sinusoidal haemangioma: This is charac-
terised by anastomotic irregular vascular spaces lined 
with a single layer of endothelial cells that can form papil-
lary structures. They express markers such as F8, CD31, 
CD68, and CD8 but do not express CD34, and they lack 
surrounding collagen fibres. ④ Granulomatous lesions: 
Splenic SANT with granuloma-like nodules should be 
differentiated from various granulomatous lesions, which 
often include tissue cells and multinucleated giant cells. 
Granulomas typically exhibit necrosis and more promi-
nent chronic inflammatory cells, with vascular prolifera-
tion being less pronounced and lacking collagen fibres 
around the nodules. ⑤ Niemann–Pick disease: This is 
typically seen in children, characterised by hepatomegaly 
and deposition of lipid-laden cells (Niemann–Pick cells) 
in the spleen. These cells, resembling foam cells found 
in SANT granuloma nodules, stain positively with lipid 
stains (Sudan B and oil red O) due to their neutral fat 
content. Unlike SANT, they do not show evident collagen 
fibres around the nodules.
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Treatment and prognosis of SANT
Splenic SANT is regarded as a biologically benign angi-
oma-like lesion of the spleen, with its pathogenesis still 
requiring further investigation. Currently, splenectomy 
remains the preferred and most effective treatment 
option. Given the low incidence of the disease, the 
absence of obvious clinical symptoms, and the lack of 
specificity in preoperative imaging, the decision to per-
form total splenectomy might be challenging. Since the 
spleen is a critical lymphoid organ, its removal can sig-
nificantly impact the patient’s systemic immune function. 
Therefore, regular postoperative monitoring is essential. 
Literature [4, 24] suggests that splenic core needle biopsy 
is minimally invasive and can reduce the risk of postop-
erative bleeding. With experienced operators and appro-
priate safety measures, it might replace total splenectomy 
as a feasible and safe diagnostic method. In this study, 
three patients were lost to follow-up after splenectomy. 
Two patients were followed up for 9 and 11 months, 
respectively. One patient was clinically diagnosed with 
primary thrombocytosis and was treated with aspirin, 
while the others showed no sign of disease recurrence or 
metastasis. Although the follow-up period in this study is 
relatively short, when combined with other reports in the 
literature, the prognosis for SANT appears to be favour-
able. Nonetheless, continued monitoring is necessary to 
ensure long-term positive outcomes.

Conclusion
SANT of the spleen is generally considered a rare, benign 
lesion with angioma-like characteristics, exhibiting dis-
tinctive histomorphological features within the red pulp 
of the spleen. Understanding the differential diagnosis is 
crucial to avoid missed or incorrect diagnoses.
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