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Objective: To analyze the clinical characteristics of patients with malignant pulmonary sclerosing pneumocytoma (PSP) with 
metastasis, recurrence, and growth and to improve clinicians’ understanding of PSP in patients with malignant tumor characteristics.
Methods: A total of 46 PSP patients with malignant tumor characteristics were identified in the literature search and compared with 
38 patients with benign PSP diagnosed and treated in our hospital in the past 5 years. We explored the pathogenesis, clinical 
symptoms, diagnostic methods, treatment strategies and prognosis of PSP patients with malignant tumor.
Results: The characteristics of young age (≤41 years old), larger tumor (≥36mm), lymph node metastasis and distribution in East 
Asians are indicative of PSP with malignant potential. Such patients should undergo segmental resection or lobectomy, combined with 
necessary lymph node dissection or biopsy. All patients with PSP should have an entire course of follow-up management, because they 
may have an adverse prognosis such as recurrence, growth, metastasis, and even death.
Conclusion: PSP has the potential for malignancy. Anatomical lobectomy or segmental resection combined with lymph node 
dissection should be performed in PSP with some specific characteristics. Inappropriate diagnosis and treatment may lead to poor 
prognosis in PSP patients.
Keywords: pulmonary sclerosing pneumocytoma, malignant tumor, metastasis, recurrence, growth, treatment and diagnosis

Introduction
Liebow and Hubbell first reported pulmonary sclerosing hemangioma (PSH) in 1956.1 In 2004, the World Health 
Organization (WHO) proposed that PSH is an intermediate tumor with malignant potential in its histological classifica-
tion, which is different from that of general benign tumors.2 In 2021, WHO officially renamed primary PSH as PSP and 
classified it as a pulmonary adenoma.3 PSP is more common in middle-aged female patients in Asia, and its overall 
incidence is relatively low.4 However, the incidence rate has gradually increased in recent years. Most previous studies5–7 

have considered PSP as a single, benign tumor. Most of the PSPs develop slowly and do not progress for many years. 
Most patients have no obvious symptoms on medical examination. Recently, we found a case of PSP with lymph node 
metastasis, extrapulmonary metastasis, multiple and growing.8 This patient died of respiratory and circulatory failure 
caused by PSP. Therefore, by searching the literature of various countries, the authors found that PSP is not a simple 
benign and harmless nodule, but it may be accompanied by lymph node metastasis, multiple tumors, growth, recurrence, 
and eventual mortality. But so far, there is no literature report on the systematic study of the clinical characteristics of the 
type of PSP with malignant characteristics, so we explored the clinical characteristics of PSP patients with malignant 
tumor characteristics.

In this study, we searched the literature on PSP patients with malignant tumor characteristics (metastasis, recurrence, 
and growth). There was a total of 40 PSP patients with lymph node or extrapulmonary metastasis,8–48 8 PSP patients with 
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gradually increasing tumor size at follow up, and 6 PSP patients who had relapse at the original location or other 
locations after the original lesions were removed. We retrieved the medical records of patients with benign PSP who had 
undergone surgery for PSP in our hospital in the past 5 years for comparative analysis of the clinical characteristics of the 
these patients and those reported in the literature with malignant tumor characteristics with the goal of to find more 
appropriate methods of diagnosis and treatment.

Materials and Methods
We used “Pulmonary sclerosing hemangioma, metastasis”, “Pulmonary sclerosing pneumocytoma, metastasis”, 
“Pulmonary sclerosing hemangioma, recurrence”, and “Pulmonary sclerosing pneumocytoma, recurrence” as the key 
words in searching the CNKI (China National Knowledge Infrastructure), Wanfang, Google Scholar, and PubMed 
databases to retrieve a total of 46 patients with malignant tumor characteristics, of which 40 had metastatic characteristics 
(including 3 cases accompanied by recurrence and 5 cases with a gradual increase in size), and 3 cases with PSP lumps 
that gradually increased, and 3 cases of PSP relapse. The characteristics of the cases are shown in Tables 1–2.

At the same time, 38 cases of benign PSP in patients from our hospital were used as the control group. By analyzing 
their general characteristics, symptoms, treatment methods, tumor characteristics, and other information, we compared 
the differences between benign and malignant PSP.

Data presentation: Numerical variables with a normal distribution are displayed as mean ± standard deviation, and 
those of non-normal distribution are displayed as median (interquartile range). Categorical variables are displayed as 
frequency (percentage).

Results and Discussion
In 1986, Tanaka et al9 inadvertently found metastasis of hilar lymph nodes in a patient who was diagnosed as having PSP. 
This discovery revealed that PSP may have malignant characteristics and is not always a benign tumor. Since then, 
researchers from various countries have gradually reported more PSP patients with lymph node metastasis, extrapul-
monary metastasis, gradual tumor growth, and recurrence. The fact that PSP may have certain malignant characteristics 
has been recognized by an increasing number of researchers, and in 2004 WHO recognized PSP as an intermediate tumor 
with certain malignant potential, not a simple benign tumor. So we explored the clinical characteristics of PSP patients 
with malignant tumor characteristics.

General Characteristics
Table 1 shows the increasing number of PSP patients with malignant characteristics being reported since 2000, among 
which there are more reported cases in 2000–2005 and 2015–2020, accounting for a total of 67.39%. This kind of tumor 
is mainly distributed in East Asia, mainly in China, Japan, and South Korea (82.61%). It is rarely reported in Europe and 
the United States, but the reasons for this distribution are still unknown. It may be related to living environment, genetic 
susceptibility, and so on. This type of tumor occurs more in female patients (75.56%), and the age range of patients with 
PSP nodules was 10–73 years old (median [IQR]: 41 (25,57) years; mean: 41.87 years); the age distribution of each age 
group did not show significant differences. Compared with the benign PSP group, patients with malignant PSP were 
younger [mean (years)41.87: 50.63], and among PSP patients younger than 41 years old, there were significantly more 
patients with malignant PSP than with benign PSP. On average (50.00%) PSP was detected upon through medical 
examination and patients did not show any symptoms. Relatively speaking, the symptoms of cough (42.11%), coughing 
blood (13.16%), breathing difficulties (15.79%) and chest pain (5.26%) are some of the common symptoms of patients 
with PSP malignant tendencies. More patients in the malignant PSP group showed symptoms than in the benign group, 
50.00% and 42.11%, respectively, so the index of suspicion for possible malignant potential should be high in patients 
showing such symptoms.

Imaging Features
According to the analysis of tumors with malignant characteristics in 46 PSP patients (Table 1), the range of the 
maximum diameter of PSP tumors was 10–226 mm (median [IQR]: 36 mm [25,65]; mean ± SD: 53.62 ± 46.95 mm), 
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Table 1 Comparison of Patients’ Characteristics with Malignant and Benign PS

Malignant PSP (n=46)a Benign PSP (n=38) P value

n % n %

Published time(n) 46 38

Before 2000 2 4.35

2000–2005 16 34.78

2006–2010 5 10.87
2011–2015 8 17.39

2016–2020 15 32.61

Distribution area (n) 46

Asia 42 91.30 38
Europe and America 4 8.70

Gender (n) 45 38

Male 11 24.44 10 26.32

Female 34 75.56 28 73.68

Age(Year) (n) 45 38 0.0113

Mean±SD 41.87±17.69 50.63±13.05

Quartile 41 (25,57) 51.5 (43,58)
Range 10–73 24–74

10–41 22 48.89 8 21.05
42–74 23 51.11 30 78.95

Symptom (n) 38 38 0.4987

Physical examination 19 50.00 22 57.89

Cough 16 42.11 8 21.05
Hemoptysis 5 13.16 2 5.26

Chest tightness 6 15.79 5 13.16

Chest pain 2 5.26 3 7.89
Fever 1 2.63

Diagnosis (n) 45

Percutaneous lung biopsy 6 13.33

Bronchoscopic biopsy 1 2.22
Intraoperative pathology 1 2.22

Postoperative pathology 37 82.22

Therapy (n) 39 38 0.9386

Lobectomy 22 56.41 24 63.16
Segmentectomy 3 7.69 0 0.00

Wedge resection 5 12.82 14 36.84

Pneumonectomy 1 2.56 0
Radiotherapy 1 2.56 0

Symptomatic treatment 1 2.56 0

Observation 6 15.38 0

(Continued)
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while the range in the benign PSP group was 7–95 mm (median [IQR]: 25.5 mm [20,35.5] mm; mean ± SD: 30.58 ± 
18.6 mm). Tumors with diameter greater than 36 mm were found significantly more often in the malignant PSP group 
than in the benign PSP group (50% and 21.05% respectively, p <0.05), Therefore, when the diameter of PSP exceeds 
36 mm, the possibility of malignant PSP should be considered and the treatment strategy should be adjusted accordingly. 
Because malignant PSP tumors are larger than benign PSP tumors, this kind of tumor may grow faster and have a greater 
rate of metastasis. Adachi et al28 also holds a similar view. In PSP patients with malignant tumor characteristics, tumors 
can occur in any lobe of the lungs, multiple lobes of the lungs, or even one side of the chest cavity. PSP patients with 
tumors in cross-pulmonary lobes had only malignant tumors, accounting for about 20.00% of the malignancies, with 

Table 1 (Continued). 

Malignant PSP (n=46)a Benign PSP (n=38) P value

n % n %

Follow-up time (month) (n)b 31 38.00

Mean±SD 47.06±88.69 33.82±24.10

Quartile 24 (9.5,36) 24(12.75, 53.75)

Prognosis (n) 32

Normal 20 62.50

Recurrence 6 18.75
Growth 5 15.63

Death 1 3.13

Tumour size (mm) (n) 42 38 0.0049

Mean±SD 53.62±46.95 30.58±18.6
Quartile 36 (25,65) 25.5 (20,35.5)

≤30 17 40.48 25 65.79
31–50 13 30.95 8 21.05

51–100 9 21.43 5 13.16

>100c 4 9.52

Site of Tumor (n) 45 38 0.6430

Bilateral lobes 2 4.44 1 2.63

All right lobes 1 2.22 0 0.00

Right upper lobe 6 13.33 5 13.16
Right middle lobe 2 4.44 7 18.42

Right lower lobe 8 17.78 16 42.11

All left lobes 6 13.33 0 0.00
Left upper lobe 7 15.56 2 5.26

Left lower lobe 13 28.89 7 18.42

Calcified shadows (n) 25 38

Yes 5 20.00 4 10.53
No 20 80.00 34 89.47

SUVmax (n) 7

Mean±SD 5.62±1.57

Notes: aThere were 40 patients with metastatic PSP, including 3 patients with recurrence and 5 patients with growth, so 3 patients 
with simple recurrence and 3 patients with simple growth. bThe follow-up time was the reported time for PSP patients with 
metastasis, the time to rediscover the growth for PSP patients with growth, and the time to rediscover the recurrence for PSP 
patients with recurrence. cThere was one patient with a huge mass that occupies the left entire thoracic cavity, but the specific size 
was not described. So the author classified it into the group of >100mm.
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more on the left side than the right side (13.33%, 2.22%, respectively, p = 0.02). In 40 PSP patients with metastases, 25 
cases described whether there are calcification on the chest CT, of which 20.00% (n = 25) of the patients had 
calcification, indicating that calcification is not a unique feature of benign tumors, and tumors showing calcification 
may still affect lymph nodes or produce extrapulmonary metastasis (Table 1).

Pathologic Diagnosis
In 2021, WHO classified PSP as a type of “lung adenoma” and defined it as

a tumor of lung cell origin, which is composed of two kinds of cuboidal surface cells and rounded cells with either eosinophilic 
or clear cytoplasm. Histology includes papillary, solid, sclerosing, and haemorrhagic areas 

that is, the so-called “two cell types, four patterns”, and both kinds of cells have the potential to differentiate into 
heterotypic cells.3 In this group of patients, 82.22% of the patients were diagnosed as having PSP by postoperative 
macropathology, the diagnosis rate of preoperative puncture pathology was lower (15.55%), and the intraoperative rapid 
freezing pathology diagnosis rate was even lower, only 2.22%. Because of the variety of PSP pathological tissues, it is 
generally difficult to make a definitive diagnosis only by puncture biopsy because of the small sample of material.40 

Ordinary hematoxylin and eosin (H&E) staining shows papillary structure, fibrosis, and sclerotic background in PSP and 
in similar tumors such as lung adenocarcinoma and adenoma; these are difficult to distinguish morphologically,49 and 
intraoperative frozen sections often do not provide a differential diagnosis or may even misdiagnose PSP (Table 1).

Pathogenesis
As shown in Table 2, among the 40 PSP patients with metastasis, 36 had intrathoracic lymph node metastasis, and the 
most common metastatic site was the hilar lymph nodes (62.50%). There can also be extrapulmonary metastases, such as 
to bone, liver, stomach, and distant lymph nodes, of which bone metastases are more common (accounting for 50% of 
extrapulmonary metastases). During follow up, 5 of 8 patients with enlarged PSP were found to have lymph node or 
extrapulmonary metastasis. In 6 cases of recurrent PSP, 3 cases had lymph node metastasis, and the site of recurrence was 
not in the original site, but in other lobes of the lung and even outside the lung.

Pokharel et al31 found that the metastatic lymph nodes in PSP patients are mostly composed of round cells. Sun et al50 

believes that round cells may be derived from epithelial-mesenchymal transition (EMT) of surface cells, and EMT may 
be closely related to tumor metastasis. Matrix metalloproteinase 9 (MMP-9) is a protease that leads to the degeneration of 

Table 2 Metastatic Characteristics of PSP Patients with 
Metastatic*

Metastatic site n=40 %

Intrathoracic metastasis 38 95.00

Intrapulmonary Lymph node 9 22.50
Hilar Lymph node 25 62.50

Mediastinal Lymph node 11 27.50

Pleura 2 5.00

Extrathoracic metastasis 6 15

Vertebral body 3 7.50

Stomach 1 2.50
Liver 2 5.00

Armpit 1 2.50

Celiac lymph nodes 1 2.50

Note: *The same patient may have multiple metastases.
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extracellular matrix. It also plays a very important role in tumor development and metastasis.51 Suzuki et al24 found that 
the expression of MMP-9 is higher in metastatic PSP tumors, which may be related to metastasis and dissemination.

Some researchers have even studied malignant PSP at the genetic level. Jiang et al52 performed Sanger sequencing 
and next-generation sequencing (NGS) in a patient with multiple PSP and found BRAF V600E mutation and AKT1- 
E17K pathway activation. He suggested that BRAF V600E mutation and AKT1-E17K pathway activation may be related 
to PSP carcinogenesis. Zhang et al8 and Fan et al53 through somatic mutation sequencing and pathway analysis also 
showed that the activation of AKT1 may be involved in the occurrence and development of PSP. Many researchers have 
discovered the activation of the AKT1-p.E17K pathway in their patients and believe that this activation may be related to 
the occurrence and metastasis of PSP. However, because of the lack of research on the malignant transformation of PSP, 
the specific mechanism of PSP transformation is still unclear.

Treatment and Prognosis
At present, the main treatment methods of for PSP are follow-up observation, surgery, and local treatment (radiotherapy, 
radiofrequency ablation, etc.). Some researchers48 believe that PSP is a benign disease process, even if there are multiple 
and huge cases and that it does not need surgical resection, and it should just be followed and observed because it will not 
affect the long-term survival of the patient.22,23 However, as shown by the data in Table 1, surgery is the main treatment 
for PSP. Local resection (including wedge resection, tumor enucleation, and tumor biopsy) is carried out in most PSP 
patients, but for those with malignant tumor potential, pulmonary lobectomy (or segmentectomy) combined with lymph 
node dissection is the main treatment (64.10%). Local treatments such as radiotherapy and radiofrequency ablation can 
be used for treating metastatic and recurrent tumors. Six of the 8 PSP with growth patients were observed only, and the 
increase was found after 6–492 months (median [IQR]: 42 months (34.75–120)), and then surgical resection was 
performed again. One of the patients died after gradual enlargement of the tumor during observation,8 and one patient 
who was not followed up in a timely manner underwent pneumonectomy because the tumor size increased.46 Some 
patients even had extrapulmonary metastases.30,35 The reasons that Vaideeswar,22 Chien et al,23 He et al48 and other 
investigators advocate only the observation of PSP, the authors believe that the observation time for PSP tumors is not 
long enough, and the PSP patients with tumors with malignant potential cannot be identified in time. The inappropriate 
observation may cause PSP to progress to malignant lesions, enlargement, local and even distant metastasis, eventually 
resulting in fatal outcomes. Therefore, the authors believe that lung masses that are considered or diagnosed as PSP 
should be surgically treated early. The surgical method can be wedge-shaped resection for PSP without malignant 
potential. However, the authors recommend retaining sufficient margins and do not recommend simple tumor enuclea-
tion, which may cause residual tumors and may lead to recurrence at the original site of the tumor. For PSP patients with 
malignant potential, lobectomy or segmental pneumonectomy combined with lymph node dissection (or biopsy) is 
recommended. This treatment method can evaluate whether there is lymph node metastasis while removing the tumor. 
For PSP patients with recurrence or metastasis, it is recommended resecting the foci of recurrence or metastasis again. If 
the patient does not tolerate surgical treatment, nonsurgical local treatment methods can be selected, such as stereotactic 
body radiotherapy (SBRT) or radiofrequency ablation, among others. For patients with a newly discovered small PSP and 
PSP patients after surgical resection, follow-up strategies should be adhered to, and chest CT examination should be 
conducted every year to detect tumor metastasis and recurrence in time. And the treatment strategy can refer to Figure 1.

This study has some limitations. The sample size of patients with malignant PSP was even smaller, and the 
distribution was scattered. The authors could analyze the characteristics of PSP patients with malignant only through 
globally reported data. Although we draw some conclusions, there is still a lack of multicenter clinical research 
verification. Despite these shortcomings, the authors believe that our research results can still provide reference for 
clinicians and provide research ideas for follow up.

Conclusions
We recognize that PSP has the potential for malignancy, and PSP without follow up and treatment may also be fatal. 
Using punch biopsy and other small tissue pathology procedures makes it difficult to definitively diagnose PSP, and most 
tumors need to be diagnosed in large tissue specimens after surgical resection. The characteristics of young age, larger 
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tumor (≥ 36 mm), lymph node metastasis, and East Asian residence are clues to the diagnosis of PSP with malignant 
potential (Figure 2). Such patients should undergo anatomical lobectomy or segmental pneumonectomy combined with 
necessary lymph node dissection or biopsy. Patients with PSP should have an entire course of follow-up management, 
because there may be adverse events such as recurrence, growth, metastasis, and even death. In the future, genetic testing 
may become one of the methods to predict the malignant potential of PSP. The mechanism of PSP metastasis and 
malignant transformation is unknown and still needs further study.

Figure 1 PSP diagnosis and treatment process (reference).

Figure 2 Clinical characteristics of malignant PSP and Benign PSP. 
Abbreviations: M, month; Y, year; LLL, left lower lobe; RLL, right lower lobe.
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