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Abstract
BACKGROUND 
Solid pseudopapillary tumor (SPT) is a rare pancreatic tumor. Considering its 
malignant behaviors, SPT has been classified as a low-grade malignant tumor. 
Indeed, only 9.2% of all SPT patients are initially diagnosed as malignant with 
invasion or metastasis. Thus, one of the challenges in managing SPT patients is 
predicting malignant behavior.

AIM 
To investigate the malignant behavior and tumor-associated macrophage (TAM) 
infiltration between different histopathologic features of SPT patients.

METHODS 
Twenty-five formalin-fixed paraffin-embedded tissue samples from 22 patients 
pathologically diagnosed with an SPT between 2009 and 2019 at West China 
Hospital were included in this retrospective study. Integrity of the capsule and 
growth pattern of the tumor cells was assessed microscopically in hematoxylin-
eosin (HE)-stained sections. Based on the histopathological features, the SPT pati-
ents were divided into two groups: capsule or invasion. Clinical features, malig-
nant behavior, and TAM infiltration were compared between the two groups.

RESULTS 
Among the 22 SPT patients, 11 were identified for each group, having either a 
capsule or invasion histopathologic feature. Malignant behavior was more 
frequent in the invasion group, including 2 patients who had peripheral organ 
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invasion, 3 with liver metastasis, and 1 with both lymph node and spleen metastases (P= 0.045). 
Ki-67 index of more than 3% was also more frequent in the invasion group (P = 0.045). Immunohis-
tochemical analysis showed that the invasion group had a significant increase of CD68-positive 
TAMs in intratumor and peritumor sites in comparison with the capsule group (all P < 0.0001). 
Similarly, CD163-positive M2-like macrophages were also markedly increased in the intratumor 
and peritumor sites in the invasion group (all P < 0.0001). At the liver metastasis site, both 
intratumor and peritumor tissues showed relatively high-level CD68-positive TAMs and CD163-
positive M2-like macrophages infiltration. However, the differences between the intratumor, 
peritumor and normal hepatic tissues did not reach statistical significance (all P > 0.05).

CONCLUSION 
SPT patients with invasion evident under microscope were more likely to exhibit malignant 
behavior and TAM infiltration, especially M2-like macrophages. This finding can help in future 
investigations of the underlying mechanism of TAM-mediated SPT malignant behavior.

Key Words: Pancreatic neoplasms; Solid pseudopapillary tumors; Malignancy; Tumor-associated 
macrophages; Histological labeling; Immunohistochemistry
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Core Tip: In the present study, we reviewed 22 solid pseudopapillary tumor (SPT) patients to investigate 
the malignant behavior and tumor-associated macrophage (TAM) infiltration between different histopath-
ologic features. The results showed that invasion detected under microscope was associated with the 
malignant behavior and TAM infiltration. The phenomenon of increased infiltration of TAMs, especially 
M2-like macrophages in the invasion feature, might help us to investigate the underlying mechanism of 
TAM-mediated SPT malignant behavior, as well as to potentially treat recurrent and metastatic SPT by 
targeting TAMs.
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INTRODUCTION
Solid pseudopapillary tumor (SPT) is a rare pancreatic tumor, rst reported by Frantz in 1959[1]. 
Considering its malignant behaviors, including the invasion of peripheral organs and metastasis at 
diagnosis or recurrence after surgical resection, the World Health Organization (WHO) has classified 
SPT as a low-grade malignant tumor[2,3]. The overall prognosis of SPT patients is good, with 5-year and 
10-year survival rates up to 89.5% and 86.3%, respectively[4]. Reportedly, among all SPT patients, only 
9.2% are initially diagnosed as malignant with invasion or metastasis[3]. Thus, one of the challenges in 
managing SPT patients lies in predicting malignant behavior.

Currently, clinical features are being studied to predict the malignant behaviors of SPT. For instance, 
patients over 40 years of age have been found to be more likely to develop malignant SPT[5,6]. The 
computed tomography (CT) imaging features of multiple and geographic uptake type and progressive 
enhancement during the delayed phase have shown potential predictive power[6,7]. One of the most 
frequently mentioned predictive factors is capsule or incomplete capsule of SPT, with the latter being 
signicantly correlated with malignancy[1,5,8-10]. However, the capsule or incomplete capsule state is 
primarily assessed on CT imaging. Assessment of the integrity of a capsule and growth pattern of tumor 
cells, especially on SPT margins under the microscope, might reflect the real biological behavior of SPT.

Macrophages that infiltrate or surround the tumor microenvironment are termed as tumor-associated 
macrophages (TAMs)[11]. TAMs, especially those of the M2-like macrophage subtype, could enhance 
tumor invasion and metastasis[12]. However, only limited studies are available regarding the role of 
TAMs in the SPT microenvironment and their relationship with malignant behavior of SPT. Herein, we 
classified SPT patients in either a capsule group or invasion group based on the integrity of capsule and 
growth pattern of tumor cells determined microscopically, and compared the clinical features and 
malignant behaviors between the two groups. Furthermore, we used immunohistochemical (IHC) 
staining to analyze the infiltration of TAMs, especially the M2-like macrophages, in primary SPT and 
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liver metastasis sites.

MATERIALS AND METHODS
Patients and tissues
Twenty-five formalin-fixed paraffin-embedded tissue samples (including 22 tumors and peritumor 
tissues, and 3 metastatic sites) from 22 patients pathologically diagnosed with an SPT according to 
WHO 2010 criteria between 2009 and 2019 at West China Hospital were included in this retrospective 
study. All the samples were obtained by surgery and reviewed by two expert pathologists blinded to 
the original data. This study was approved by the biomedical ethics committee from our hospital with 
written informed consent from all subjects (2014 Trial No. 37).

Data collection and definition
Based on the integrity of the capsule and growth pattern of tumor cells, especially on tumor margins, 
evident in hematoxylin-eosin (HE)-stained sections under a microscope, SPT patients were divided into 
two groups: the capsule or invasion group. The invasion feature was defined as a tumor with an 
incomplete fibrous capsule with tumor cells invasively present in normal pancreatic tissue, as 
determined microscopically. On the other hand, a capsule feature is considered when the tumor has an 
intact fibrous envelope (Figure 1).

The malignant behaviors of SPT at diagnosis, including deep inltration into the surrounding tissue 
and lymph node or distant organ metastasis, were recorded. The Ki-67 index was measured based on a 
manual visual counting method[13], and 3% was chosen as the cut-off value, according to findings from 
a recent study[14].

Clinical data was collected, including sex, age, serum tumor marker CA19-9, CA125, carcino-
embryonic antigen, and neuron-specific enolase (NSE). Tumor size (largest diameter of the tumor), 
tumor location (head and neck or body and tail), component of the tumor (solid and cystic or solid), 
capsule or incomplete capsule, and calcification were also measured based on the CT imaging data and 
surgical specimens.

IHC analysis
IHC staining was used to evaluate the intratumoral and peritumoral presence of TAMs (CD68-positive) 
and M2-like macrophages (CD163-positive), a subtype of TAM, in primary and metastasis site tissues. 
Five micrometer-thick sequential tissue sections were obtained from paraffin-embedded tissue samples 
and used for the IHC analysis as described in previous studies[15,16]. The primary antibodies used in 
IHC staining were antibodies against CD68 (rabbit anti-human, D4B9C, dilution 1:400; Cell Signaling 
Technology, Danvers, MA, United States) and CD163 (rabbit anti-human, D6U1J, dilution 1:500; Cell 
Signaling Technology). Anti-rabbit IgG, horseradish peroxidase-linked antibody was used as the 
secondary antibody. For the assessment of expression of CD68- and CD163-positive cells, the tissue 
sections were screened using each immunohistochemistry slide at the low power elds (× 4), and the hot 
spots were selected. Immune cell staining was scored by counting the number of stained immune cells 
in three high power fields (× 400) in the hot spots. IHC sections were independently assessed by three 
authors (Yang J, Chen YH, and Zhou L).

Statistical methods
All statistical analyses were carried out using Statistical Package for Social Sciences (SPSS) Version 24 
(IBM Corp., Armonk, NY, United States). Categorical variables are expressed as percentages (%), and 
continuous variables are expressed as medians. Normality and homogeneity of the data were assessed 
by Shapiro–Wilk’s and Levene’s tests, respectively. Fisher’s exact test and Mann–Whitney test were 
used to detect di erences in categorical and continuous variables between groups of patients. A P value 
< 0.05 was considered statistically significant.

RESULTS
Patient characteristics 
Among the 22 SPT patients, 11 were identified for each group based on the capsule or invasion 
histopathologic feature, respectively. The clinical and pathological characteristics between the capsule 
and invasion groups are shown in Table 1. The patients included 4 males and 18 females, ranging in age 
from 12 years to 65 years (median age of 35 years) and showed no difference between the two groups (P 
= 0.586 and P= 0.146, respectively). Only 3 patients showed CA19-9 or CA125 elevation in the invasion 
group. Interestingly, 2 patients in the capsule group and 5 in the invasion group showed positivity for 
NSE, although the difference did not reach statistical significance (P = 0.361). All 22 patients received 
surgical treatment, which included 4 pancreaticoduodenectomies, 10 distal pancreatectomies, 7 central 
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Table 1 Clinical and pathological characteristics between capsule and invasion solid pseudopapillary tumor patients

Capsule group, n = 11 Invasion group, n = 11 P value

Age, yr (Median, range) 26 (12, 46) 36 (15, 65) 0.146

Sex (Female) 10 8 0.586

Positive serum tumor marker

CA19-9 0 1 1.000

CA125 0 2 0.476

CEA 0 0 -

NSE 2 5 0.361

Surgical procedure -

Pancreaticoduodenectomy 1 3

Distal pancreatectomy 5 5

Total pancreatectomy 1 0

Central pancreatectomy 4 3

Combined segmental hepatectomy 0 3

Tumor size (Median, range) 4.8 (2.0-8.1) 4.0 (1.3-8.8) 0.834

Tumor location 1.000

Head and neck 6 5

Body and tail 5 6

Component of the tumor 0.387

Solid 3 6

Solid and cystic 8 5

Calcification 3 2 1.000

Capsule assessed by CT imaging 9 2 0.004

Peripheral organ invasion 0 2 0.476

Metastasis 0 4a 0.045

Lymph node 0 1

Liver 0 3

Spleen 0 1

Ki-67 Index > 3% 0 4 0.045

a1 patient had both spleen and lymph node metastasis.
CEA: Carcino-embryonic antigen; CT: Computed tomography; NSE: Neuron-specific enolase.

pancreatectomies, and 1 total pancreatectomy. All 3 patients with liver metastasis received combined 
segmental hepatectomy.

No difference was evident in tumor size, location, component, nor calcification between the two 
groups. However, compared with the capsule group, malignant behavior of SPTs was more frequent in 
the invasion group, including in 2 patients with peripheral organ invasion, 3 with liver metastasis, and 1 
with lymph node and spleen metastases (P = 0.045). Furthermore, Ki-67 index more than 3% was also 
more frequent in the invasion group (P = 0.045).

TAM infiltration in primary tumor site
Since the invasion group had increased malignant behavior compared with the capsule group, we 
compared the infiltration of TAMs in the SPT microenvironment between the two groups. All primary 
tumor samples of the 22 patients showed positivity for macrophage and M2-like macrophage infiltration 
in IHC analysis. Although the intratumoral macrophage infiltration was increased in both groups 
compared with normal pancreatic tissue, the invasion group had a significant increase of intratumoral 
macrophage infiltration compared with the capsule group (all P < 0.0001; Figure 2A-C). A similar trend 
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Figure 1 Computed tomography imaging, specimen and histopathologic features of capsulized and invasive solid pseudopapillary 
tumors. A, C and E: For the capsulized solid pseudopapillary tumors (SPTs), computed tomography (CT) imaging (A) and specimen (C) showed a clear distinction 
from surrounding pancreatic tissue, and an intact fibrous envelope on the tumor margin on hematoxylin and eosin (HE)-stained section (E); B, D and F: Invasive SPT 
was indistinguishable from surrounding normal pancreatic tissue on CT imaging (B) and in the specimen (D), and tumor cells showed infiltrative growth into normal 
pancreatic tissue on HE-stained section (F). N: Normal pancreas tissue; T: Tumor. *Tumor margin.

was observed for infiltrated peritumor macrophages. The TAM infiltration in peritumoral tissue, 
especially in the tumor margin, was markedly increased in the invasion group compared with capsule 
group (P < 0.0001; Figure 2D-F).

As a subtype of TAMs, the expression of CD163-positive M2-like macrophages was relatively low 
compared with CD68-positive TAMs. Elevation in both intratumor and peritumor sites in both the 
invasion group and capsule group compared with the normal pancreas tissue was evident by IHC (all P 
< 0.0001; Figure 3). Similarly, the expression of CD163-positive M2-like macrophages was also markedly 
increased in the intratumor and peritumor sites in the invasion group in comparison to the capsule 
group (all P < 0.0001; Figure 3).

TAM infiltration in liver metastasis site
Tumors in the liver metastasis sites also showed invasion features. Tumor cells were observed as 
invasively grown into normal hepatic cells, and no complete fibrous capsule was found on HE-stained 
sections (Figure 4A and B). Liver metastasis of 3 SPT patients showed positivity for macrophage and 
M2-like macrophage infiltration. Like the primary tumor site of the invasion group, both intratumor and 
peritumor areas of the metastasis site had relatively high-level CD68-positive TAM infiltration. 
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Figure 2 Invasion group showed increased tumor-associated CD68-positive macrophage infiltration compared with capsule group by 
immunohistochemical analysis. A-F: Immunohistochemical-stained imaging and analysis of tumor (A-C) and peritumor (D-F) infiltrated with CD68-positive 
macrophages in representative patients from the capsule (A, D) and invasion (B, E) groups. N: Normal pancreas tissue. bP< 0.01; dP < 0.0001.

Figure 3 Invasion group showed increased tumor-associated CD163-positive M2-like macrophage infiltration compared with capsule 
group by immunohistochemical analysis. A-F: Immunohistochemical-stained images and analysis of tumor (A-C) and peritumor (D-F) tissues infiltrated with 
CD163-positive M2-like macrophages in representative patients from the capsule (A, D) and invasion (B, E) groups. N: Normal pancreas tissue. dP < 0.0001.

However, there was no difference between the intratumor, peritumor and normal hepatic tissues. The 
CD163-positive M2-like macrophages had relatively high expression in both the intratumor and 
peritumor metastasis sites. No statistically significant difference was found upon comparison of the 
CD163-positive M2-like macrophage infiltration of intratumor, peritumor and normal hepatic tissues.

DISCUSSION
In the present study, we found that the invasion feature evident under a microscope was associated 
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Figure 4 Tumor-associated macrophage infiltration in liver metastasis sites of solid pseudopapillary tumor patients. A and B: Hematoxylin-
eosin staining of the liver metastasis site of representative solid pseudopapillary tumor (SPT) patients; C-H: Immunohistochemical-stained imaging and analysis of 
intratumor and peritumor CD68 (C-E) and CD163 (F-H) expression in the liver metastasis site of representative SPT patients. N: Normal hepatic tissue; NS: No 
significance.

with malignant behavior of SPT. Additionally, we elaborated the spatial distribution of TAMs in the SPT 
tumor microenvironment and showed distinct expression of TAMs and M2-like macrophages between 
tissues with invasion and capsule features. Furthermore, we also described the intratumor and 
peritumor distribution of TAMs and M2-like macrophages in the liver metastases site. Considering the 
malignant behavior of SPTs, this study may provide a histopathological basis for identification of 
malignant SPTs. The phenomenon of increased infiltration of TAMs, especially M2-like macrophages, in 
the invasion feature might help in subsequent investigations of the underlying mechanism of TAM-
mediated SPT malignant behavior, as well as to potentially treat recurrent and metastatic SPT by 
targeting TAMs.

The incomplete capsule feature assessed by CT imaging has been widely used and is considered able 
to predict malignant behavior of SPT[4]. Ye et al[1] showed this incomplete capsule group had a larger 
tumor size, an exogenous growth pattern, a malignant tendency during intraoperative frozen biopsy, 
and more likely to have invasion into the vasculature or organs. Indeed, in our study, the capsule or 
incomplete capsule measured by CT imaging was consistent with the capsule or invasion feature 
detected upon evaluation under a microscope. However, 2 patients in each group had distinct results. 
Considering the increased malignant behaviors of these SPT patients, we are concerned that assessment 
by CT imaging might miss patients with invasion features that could be detected with a microscope.

Other tumor types, such as small renal cell carcinoma, colorectal cancer and urinary bladder 
carcinoma, also have histopathological features of capsule or invasion as growth patterns, and the 
invasive growth feature has been shown as associated with worse prognosis of patients[17-19].

The intact fibrous envelope in extracellular matrix (ECM) might serve as a barrier for tumor cell 
invasion[20]. In our study, none of the 11 SPT patients with a capsule feature showed malignant 
behavior, such as invasion to surrounding tissues and distant metastasis. TAMs can secrete several 
proteolytic enzymes, including matrix metalloproteinases (MMPs, such as MMP7, MMP2, and MMP9), 
which can mediate the ECM degradation[21]. Particularly, M2-like macrophages could produce 
chitinase 3-like protein 1 to upregulate MMP expression and promote the invasiveness of gastric and 
breast cancer cells[22]. The expression of TAMs and M2-like macrophages in peritumor tissues of 
patients in the invasion group were significantly higher than those in the capsule group, which may be 
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related to the pathological characteristics of incomplete fibrous capsule and tumor cells’ invasive 
growth pattern, and thus the malignant behaviors. Furthermore, the epithelial-mesenchymal transition 
hotpot, another mechanism associated with tumor cell invasiveness that mainly occurred at the 
peritumor site, was also accompanied by TAM infiltration in abundance in hepatocellular carcinoma 
patients[23]. Of interest, a recent study found that lipid-loaded TAMs could also sustain invasiveness in 
prostate cancer[24].

Metastasis to the liver through the portal venous system is a common route for the metastasis of 
pancreatic tumors. Indeed, 3 SPT patients in our study had liver metastasis. TAMs were involved in 
vascularization in a tumor environment and intravasation of tumor cells, two major mechanisms for 
tumor metastasis[11,25]. Vascular endothelial growth factor-A (VEGFA) is one of the primary factors 
driving expansion of the tumor vascular vascularization[26]. Infiltration of TAMs was associated with 
increased VEGFA expression and vascular density in tumor microenvironment[27,28]. This is probably 
because the TAMs could promote the expression of VEGFA in vascular endothelial cells by producing 
WNT7B[29]. Indeed, elevated expressions of fibroblast growth factor, placental growth factor, and anti-
inflammatory cytokines, such as transforming growth factor-beta (TGF-β) and IL-10 in M2-like 
macrophages, could potentially enhance the vascularization[30,31]. Furthermore, tumor-associated M2-
like macrophages could directly facilitate tumor metastasis by binding tumor cells and mediating their 
intravasation[32]. Therefore, when an SPT has an invasion feature, the increase of TAMs, especially M2-
like macrophages, might facilitate metastasis compared with an SPT that has a capsule feature.

In addition to the vascularization and intravasation in primary tumor sites, the metastasis process 
includes the formation of a pre-metastatic niche followed by the growth phase[33]. TAMs in the pre-
metastatic niche show an immunosuppressive phenotype characterized by elevated programmed death 
ligand-1 and nitric oxide synthase expression[34]. Macrophages are recruited during expansion of the 
metastatic site in the liver, through the CCL2–CCR2 signaling pathway[35]. Blocking the CCL2–CCR2 
signaling axis was shown to reduce macrophage infiltration and metastatic expansion[36]. Few studies 
have reported the polarization of macrophages within or around liver metastasis sites[37]. In our study, 
we observed relatively more infiltration of TAMs, especially M2-like macrophages, in both intratumor 
and peritumor sites after the formation of SPT liver metastases. More importantly, to understand the 
role of TAMs in the formation of liver metastases, dynamic observation of the temporal and spatial 
changes of TAMs from a pre-metastatic niche to a pro-metastasis site is required.

Recently, Yang et al[14] classified SPT patients by the Ki-67 index based on their similar biological 
behavior in the 2017 WHO’s pancreatic neuroendocrine tumor grade. In that study, the Ki-67 index was 
significantly associated with recurrence of SPT[14]. Regarding the Ki-67 index in the malignant behavior 
of SPT, in our research, a Ki-67 index more than 3% was observed in 4 patients in the invasion group, 
including 1 patient with peripheral organ invasion, 1 with both lymph node and spleen metastases, and 
2 with liver metastasis. However, the Ki-67 index was only 1% in the remaining patient with peripheral 
organ invasion and liver metastasis. Indeed, previous meta-analyses that evaluated the Ki-67 index to 
predict malignant behavior of SPTs demonstrated distinct results, which might be due to the limited 
number of patients included and differences in the methods used to assess the Ki-67 index[38,39]. A 
multicenter study is needed to reveal the role of Ki-67 index in SPT patients. TAMs might be involved in 
the regulation of tumor cell Ki-67 expression. Lindsten et al[40] showed that increased infiltration of 
macrophages was associated with decreased progesterone receptor (commonly known as PR) 
expression and increased Ki-67 expression in breast tumor cells. Considering the regular expression of 
PR in SPT[41], the potential influence of TAMs on Ki-67 index in SPT needs further investigation.

Limitations of the present study should be noted. One of the limitations of this study was that the 
retrospective design and the paucity of the number of patients did not allow us to investigate causal 
associations between the TAMs and the invasiveness of SPT. In addition, a single immunohistochemical 
marker to identify target cells might not reflect the real proportion of M2-like macrophages in TAMs, so 
we did not compare this proportion between invasion and capsule groups in our study. The dichotomy 
of M1 and M2 classification of human TAM polarizations was not as obvious as in mouse, so we used 
M2-like macrophages instead. Further analysis of the specific distribution and function of TAMs in SPT 
patients using flow cytometry and a single-cell sequencing method might be used.

CONCLUSION
SPT patients with the invasion feature were more likely to demonstrate malignant behavior. These 
patients also showed increased infiltration of TAMs, especially M2-like macrophages, in both 
intratumor and peritumor sites compared with patients with the capsule feature.
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ARTICLE HIGHLIGHTS
Research background
Solid pseudopapillary tumor (SPT) has been classified as a low-grade malignant tumor, and indeed only 
9.2% patients of all SPT patients are initially diagnosed as malignant with invasion or metastasis. Thus, 
one of the challenges in managing SPT patients is predicting malignant behavior. One of the most 
frequently mentioned predictive factors is whether the tumor had a capsule or incomplete capsule as 
assessed by computed tomography imaging. However, assessing the integrity of the capsule and 
growth pattern of tumor cells, especially on SPT margins, using a microscope might reflect the real 
biological behavior of SPT. Tumor-associated macrophages (TAMs), especially the M2-like macrophages 
subtype, could enhance tumor invasion and metastasis; however, only limited studies are available 
regarding the role of the TAMs in the SPT microenvironment and their relationship with malignant 
behaviors of SPT.

Research motivation
The present study suggests that an invasiveness feature, as determined using a microscope is a good 
predictive factor for the malignant behavior of an SPT and illustrates the macrophage infiltration in the 
tumor microenvironment of an SPT.

Research objectives
Instead of assessing the integrity of the capsule on computed tomographic imaging, we divided SPT 
patients into two groups, either with invasion or capsule, based on the integrity of capsule and growth 
pattern of the tumor cells, especially on the tumor margins, under the microscope; we then investigated 
differences in the malignant behavior and TAM infiltration between these two groups.

Research methods
Hematoxylin-eosin-stained sections of SPT patients were used to assess the integrity of the capsule and 
growth pattern of tumor cells, especially on tumor margins. Immunohistochemical staining was used to 
evaluate the intratumoral and peritumoral presence of TAMs (CD68-positive) and M2-like macrophages 
(CD163-positive).

Research results
Malignant behavior was present more frequently in the invasion group, including in 2 patients with 
peripheral organ invasion, 3 with liver metastasis, and 1 with both lymph node and spleen metastases. 
Immunohistochemical analysis found that the invasion group had a significant increase of CD68-
positive TAMs and CD163-positive M2-like macrophages in intratumoral and peritumoral sites in 
comparison with the capsule group.

Research conclusions
SPT patients with invasion detected using a microscope were more likely to have a tumor that 
demonstrated malignant behavior and TAM infiltration, especially of M2-like macrophages.

Research perspectives
This study may provide a histopathological basis for identification of malignant SPT. The phenomenon 
of increased infiltration of TAMs, especially M2-like macrophages in the invasion feature, might help us 
to investigate the underlying mechanism of TAM-mediated SPT malignant behavior, as well as to 
potentially treat recurrent and metastatic SPT by targeting TAMs.
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