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1. Abstract
1.1. Background: This study will review IFP (inflammatory fibroid 
polyp) by analyzing both sporadic and familial cases with a genet-
ics-focused approach.

1.2. Methods: PubMed and CNKI were searched on 18 December 
2021. Sporadic cases had to be diagnosed as sporadic IFP by pa-
thology with/without IHC, reported for the first time, and tested 
for PDGFRA mutations. Familial cases had to meet the following 
condition: ≥2 fibrous tumors whose pathology was consistent with 
IFP were found in a single individual or family. The data were man-
ually extracted and recorded using two standardized forms and were 
summarized by descriptive statistics.

1.3. Results: A total of  28 studies were included, of  which 18 re-
ported sporadic cases and 10 reported familial cases. There are cur-
rently 18 different PDGFRA mutation types for sporadic IFP; the 
majority occur in exon 12 (59.2%), followed by exon 18 (35.9%), with 
a detection rate of  56.6% overall. Patients with IFPs in the stom-
ach were older (average 67.5 ± 11.1 years) than those with IFPs in 
the small intestine (average 55.8 ± 14.6 years) (P<0.001). The IFPs 
in the small intestine (median 3.8 cm, interquartile 2 cm) were larg-

er than those in the stomach (median 1.6 cm, interquartile 1.6 cm) 
(P<0.001). The detection rate of  PDGFRA mutation was higher in 
females (67.1%) than in males (40.7%) (P=0.017). PDGFRA exon 
12 mutations predominated in the small intestine (58.6%), whereas 
PDGFRA exon 18 mutations predominated in the stomach (83.3%) 
(P<0.001). Four PDGFRA mutation types are present in familial 
IFP: 555Y>C, 561V>D, 653P>L, and 846D>V. The patient who 
suffered the most had germline 846D>V.

1.4. Conclusions: The “localization-specific mutational pattern” 
was demonstrated again. Further research is necessary to determine 
whether there is a connection between the type of  mutation and the 
severity of  familial IFP, as well as the potential therapeutic benefit of  
TKIs for IFPs. The pathogenesis may be sex-related.

2. Introduction
IFP, or Vanek’s tumor, is recognized as a rare benign tumor occurring 
throughout the Gastrointestinal (GI) tract. IFPs originate from mes-
enchymal cells in the submucosal layer and often extend to the muco-
sa. They consist of  bland spindle cells admixed within a loose colla-
genous stroma and perivascular edema and are frequently associated 
with inflammation and eosinophilic infiltration. They may grow in a 
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typical onion-like pattern or exhibit different growth patterns. Most 
IFPs are CD34 positive, whereas almost all have negative staining for 
CD117, S100, and DOG1 [1-4]. The traditional diagnostic standards 
for IFP have been histological features and Immunochemistry (IHC).

Vanek first reported this lesion in 1949 [5]. Helwig and Rainer devel-
oped the term “inflammatory fibroid polyp” in 1953, which received 
widespread acceptance [6]. It has long been unclear whether IFP 
is neoplastic or reacts to certain irritants, such as trauma, bacteria, 
allergens, and foreign substances. IFP was not acknowledged as a 
tumor entity with somatically acquired alterations until H-U Schil-
dhaus et al. discovered widespread Platelet-Derived Growth Factor 
Alpha (PDGFRA) expression and frequent activating mutations in 
the PDGFRA gene in IFPs in 2008 [7].

In addition to sporadic conditions, familial cases—though very 
rare—have also been reported. In 1984, Anthony et al. reported 
the first family with three women affected by recurring and multiple 
IFPs over three generations [8]. In 2015, Ricci et al. described a pa-
tient with a genetic germline PDGFRA mutation (653P>L in exon 
14) who had many different gastrointestinal mesenchymal tumors, 
including IFPs, Gastrointestinal Stromal Tumors (GISTs), fibrous 
tumors, and lipomas. They suggested this syndrome, traditionally 
known as “INF/NF3b (intestinal neurofibromatosis/neurofibroma-
tosis 3b)” and “familial GISTs,” which had a heredity tendency and 
was characterized by various GI tumors, be more accurately named 
“PDGFRA-mutant syndrome” [9].

PDGF receptors, members of  the Receptor Tyrosine Kinase (RTK) 
class III family, are mainly expressed by cells of  mesenchymal origin 
[10]. Animal studies have shown that PDGFRα, a subtype of  the 
PDGF receptor, and its corresponding gene, PDGFRA, play critical 
roles in the development of  the GI tract [11], the central nervous 
system, the lungs, the skeleton, the testis, and the kidneys [12]. To 
date, activating PDGFRA mutations affect a minority of  GISTs and 
approximately 55% of  IFPs [13]. Imatinib, a type II Tyrosine Kinase 
Inhibitor (TKI), has been approved as a first-line therapy for meta-
static GISTs [14], including those with PDGFRA mutations.

Although IFP has been reviewed previously, no studies have reviewed 
sporadic and familial IFP. PDGFRA mutations in IFP have been de-
scribed in four studies [2,7,13,15], but the genetic characteristics have 
not been thoroughly explored. We will enroll both sporadic and fa-
milial cases in this analysis to provide a comprehensive overview of  
this disease, particularly from a genetic standpoint.

3. Methods
This systematic review was conducted according to the Cochrane 
and Preferred Reporting Items for Systematic Review and Meta-anal-
ysis 2020 guidelines [16].

3.1. Search Strategy

An extensive search of  the US National Library of  Medicine (MED-
LINE, via PubMed) and the China National Knowledge Infrastruc-
ture (CNKI) was performed. PubMed was searched for articles 

whose titles or abstracts contained the term “inflammatory fibroid 
polyp” with or without “Vanek.” The Chinese term “inflammatory 
fibroid polyp” was used to search CNKI. The search was performed 
from inception to 18 December 2021. We manually examined the 
bibliographies of  relevant studies for any additional relevant studies 
to include.

3.2. Eligibility Criteria

For sporadic IFP, cases had to be diagnosed as IFP by pathology with 
or without IHC, reported as sporadic cases for the first time, and 
tested for PDGFRA mutations. For familial IFP, individuals or fam-
ilies had to meet the following condition: ≥2 fibrous tumors whose 
pathology was consistent with IFP were found in a single individual 
or family [9].

3.3. Selection Process

Two researchers made this progress (Y.P. and X.H.). All the stud-
ies returned by the search terms and identified through citation 
searching were exported to an Endnote 2020 library (X9), and all 
duplicates were removed. A manual check was performed to identify 
and remove any remaining duplicates. The titles and abstracts were 
reviewed. The full texts of  studies not excluded at this point were 
obtained and reviewed to determine if  they met the inclusion criteria. 
The selected studies were categorized as ‘studies for sporadic IFP’ 
and ‘studies for familial IFP’ according to the inclusion criteria. The 
senior author (L.S.) arbitrated disagreements on study inclusion.

3.4. Data Collection and Synthesis

Data extraction and collection were recorded using two standardized 
forms. Both forms contained the paper’s author and year, the patient’s 
age, sex, and race, the clinical and histological characteristics of  IFP, 
the gene mutation characteristics of  IFP, and the treatments for IFP. 
The clinical and histological characteristics of  IFP included localiza-
tion, diameter, layer involvement, inflammatory infiltrate, onion-skin 
pattern, and IHC (CD34, Ki-67, CD117, DOG1, and S100). The 
genetic characteristics included mutations in PDGFRA exons 10, 12, 
14 and 18. Localization throughout the GI tract was recorded in the 
stomach, small intestine, colon, cecum, and rectum. In addition, the 
form for familial IFP included the sex distribution of  patients within 
each family, the patient’s age of  onset, past medical history, clinical 
manifestations, GI wall thickening, diffuse polyps, other tumors, and 
chromosomal abnormalities. Because all patients with familial cases 
received repeated operations, the number of  operations, the number 
of  polyps, and the time span were recorded. An additional descrip-
tion was required when the patient had an extra treatment approach. 
This progress was made by two researchers (Y.P. and X.H.).

3.5. Statistical Analysis

Descriptive statistics were used to summarize the data in this article. 
Frequencies and percentages were used for dichotomous data, means 
± standard deviations (SDs) were used for continuous variables with 
normal distributions, and medians with interquartile ranges were 
used for those with abnormal distributions. We performed all anal-
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yses using SPSS version 26.0 software (IBM, Armonk, NY, USA). 
Student’s t test, one-way ANOVA, the Mann‒Whitney U test, the 
Kruskal‒Wallis test, Spearman’s correlation, Pearson’s correlation, 
and the chi-square test were calculated if  appropriate. A value of  
P<0.05 was considered significant.

4. Results
4.1. Study Selection

A preliminary database search using the keywords yielded 485 arti-
cles, of  which only two studies were duplicates. After the initial title 
and abstract screening, one hundred sixty-three studies were further 
excluded. A full-text review was conducted for the remaining 249 
articles. In addition, these articles were searched for citations, and 14 
studies were extracted. Two of  the fourteen articles were excluded af-
ter the full texts were reviewed. Finally, a total of  28 studies that met 

the eligibility criteria were included in our systematic analysis (Figure 
1). Among the 28 studies, 18 reported sporadic cases, whereas 10 
reported familial cases.

4.2. Sporadic IFP

4.2.1. Characteristics of  the publications included: Eighteen 
publications, including 182 cases of  sporadic IFP, were included for 
further analysis. All 18 studies used PCR amplification and DNA se-
quencing to identify mutations in PDGFRA exons 10, 12, 14, and 18. 
However, not all of  the research examined them equally. Five studies 
tested four exons [7,17-20]. Seven studies tested exons 12, 14, and 18 
[2,3,13,15,21-23]. Five studies tested exons 12 and 18 [24-28]. One 
case showed only the detection results [29]. Exon 12 mutations were 
reported in ten articles, exon 18 mutations were reported in eight 
articles, and exon 10 and exon 14 mutations were reported in one 
article each. Five articles showed negative results (Table 1).

Figure 1: PRISMA flow diagram for the current review. PRISMA=Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

Table 1: Eighteen articles reported sporadic IFP cases with PDGFRA mutation detection results, the numbers of  cases, and the mutant PDGFRA exons.

Order Year Study Number Mutant PDGFRA exons
1 2008 Schildhaus H.U. et al.7 23 Exon 10, Exon 12, Exon18

2 2009 Lasota J. et al.15 60 Exon 12, Exon 18

3 2009 Calabuig-Farinas S. et al.24 1 Exon 12

4 2010 Daum O. et al.2 24 Exon 12, Exon 18

5 2012 Huss S. et al.13 38 Exon 12, Exon 14, Exon 18

6 2013 Bjerkehagen B. et al.25 2 Exon 12

7 2013 Liu T. C. et al.3 1 Exon 12
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8 2013 Martini M. et al.21 1 Exon 18

9 2015 BAE JUN SANG et al.26 1 None

10 2015 Mitsui Y. et al.17 1 None

11 2016 Liu D. et al.27 18 Exon 12, Exon 18

12 2017 Zhao Y. et al.29 1 Exon 18

13 2018 Harima H. et al.18 1 None

14 2018 Sugawara T. et al.22 1 None

15 2018 Tajima S. et al.19 1 Exon 18

16 2018 Niu Z.R. and Li D.M.28 6 Exon 12

17 2019 Cunningham A. S. et al.23 1 None

18 2021 Nova L. M. et al.20 1 Exon 12

4.2.2 Characteristics of  the cases included: Women comprised 
most of  the 182 IFP patients (100/157, 63.7%). The patients were 
63.7 ± 13.2 years old on average. Most patients (83/97, 85.6%) were 
between 40 and 79 years old. The stomach accounted for the major-
ity of  localization (69/168, 41.1%), followed by the small intestine 
(30/168, 17.9%) and the colon and cecum (6/168, 3.6%). The eso-
phagus, rectum, and gallbladder accounted for only a minor propor-
tion (1/168, 0.5% each). Notably, J Lasota et al. only studied IFPs 
from the small intestine, so we did not include the cases from their 

study here [15]. The range of  IFP size was between 0.1 and 10.0 
centimeters, with a median size of  2.0 centimeters (interquartile 3.0 
cm). Most IFPs had a typical onion skin pattern (83/95, 87.4%) and 
positive CD34 expression (126/182, 69.2%). To date, PDGFRA mu-
tations have been found in 56.6% of  all sporadic cases. Most PDG-
FRA mutations occurred in exon 12 (61/103, 59.2%), followed by 
exon 18 (37/103, 35.9%). In contrast, mutations in exon 14 were un-
common. Only a nonsensical mutation existed in exon 10 (Table 2).

Table 2: The baseline information of  the 182 cases.

Characteristic Number Percent (%)
Total cases 182 100
Sex
     Women 100 54.9
     Men 57 31.3
     Missing 25 13.7
Age, year
     Average (SD) 63.7 (13.2)
     <40 6 3.3
     40-59 28 15.4
     60-79 55 30.2
     ≥80 8 4.4
     Missing 85 46.7
Localization
     Esophagus 1 0.5
     Stomach 69 37.9
     Small intestine 90 49.5
     Colon and cecum 6 3.3
     Rectum 1 0.5
     Gallbladder 1 0.5
     UKN 14 7.7
Diameter, cm
     Median (interquartile) 2.0 (3.0)
     <1 18 9.9
     ≥1 73 40.1
     UKN 91 50
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Onion-skin pattern
     YES 83 45.6
     NO 12 6.6
     UKN 87 47.8
CD34 expression
     YES 126 69.2
     NO 56 30.8
     UKN 0 0
Mutations
     Exon 10 3 1.6
     Exon 12 61 33.5
     Exon 14 2 1.1
     Exon 18 37 20.3
     None 79 43.4

UKN, unknown

4.2.3 Types, frequencies, and potential biological reactions to 
TKIs of  PDGFRA mutations: There were 18 mutation types in 
sporadic IFP, including 9 in exon 12, 2 in exon 14, and 7 in exon 18. 
There were more deletion/deletion-insertion mutations than dupli-
cations or substitutions in exon 12 (55/61, 90.2% vs. 4/61, 6.6%). 
However, there were more substitutions than deletions in exon 18 
(26/34, 76.5% vs. 7/34, 20.6%). Exon 14 contained exclusively sub-
stitutional mutations. In general, S566_E571delinsR was the most 
common mutation (45/97, 46.4%), resulting from 1696_1713delin-
sCGC, 1837_1851 del, 1835_1852delinsCGC, or 1698_1712del in the 
DNA sequence of  exon 12 [2,15,19,25]. A substitution in exon 18, 
842D>V, was the second most common mutation (25/97, 25.8%), 
followed by S566_E571delinsK in exon 12 (5/97, 5.2%), 561V>D 
in exon 12 (3/97, 3.1%), D842_H845del in exon 18 (3/97, 3.1%), 

P567_E571del in exon 12 (2/97, 2.1%), D842del in exon 18 (2/97, 
2.1%), and other mutations rarely reported (1/97, 1.0% each). Three 
nonsense mutations, 478S>P in exon 10, 572Y>Y in exon 12, and 
824V>V in exon 18, were not analyzed. Regarding potential biolog-
ical reactions to TKIs, 561V>D and S566_E571delinsR in exon 12, 
659N>K in exon 14, and 842D>V and D842_H845del in exon 18 
were tested both in vitro and in vivo [30-32]. GISTs with mutations 
561V>D, S566_E571delinsR, 659N>K, and D842_H845del have 
been confirmed to be sensitive to imatinib and possibly sensitive to 
the other TKIs mentioned above. GISTs harboring the 842D>V 
mutation exhibited resistance to imatinib, sunitinib, and regorafenib 
but sensitivity to ripretinib and high sensitivity to avapritinib [30-33] 
(Table 3).

Table 3: Summary of  the type, frequency, and biological potential of  PDGFRA mutations identified in sporadic IFPs.

PDGFRA mutations*

IFP PDGFRA Studies on PDGFRA mutations in GIST
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Exon 12

I557_E563dup 0 1 0 0 0 0 1 UKN UKN PS PS PS PS PS 15,33

561V>D 1 1 0 0 0 1 3 Yes Yes Yes PS PS PS PS 3,7,15,30,31,33

I573_F588del 1 0 0 0 0 0 1 UKN UKN PS PS PS PS PS 27,33

P567_E571del 0 2 0 0 0 0 2 UKN UKN PS PS PS PS PS 13,33

559-561del,591D>H 1 0 0 0 0 0 1 UKN UKN PS PS PS PS PS 7,33

R560-567delinsS 1 0 0 0 0 0 1 UKN UKN PS PS PS PS PS 7,33

S566_E571delinsK 0 5 0 0 0 0 5 UKN UKN PS PS PS PS PS 2,15,25,30,33

S566_E571delinsR 8 37 0 0 0 0 45 Yes Yes Yes PS PS PS PS
2,7,13,15,19,24,

25,27,28,30,33

S566_I573delinsRIDDL 0 1 0 0 0 0 1 UKN UKN PS PS PS PS PS 15,33
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Not shown 0 1 0 0 0 0 1 UKN UKN PS PS PS PS PS 20,33

Exon 14

659N>K, 665T>A 0 1 0 0 0 0 1 UKN UKN UKN UKN UKN UKN UKN 13,33

659N>K 1 0 0 0 0 0 1 Yes Yes Yes PS PS PS PS 13,30,32,33

Exon 18

842D>I 1 0 0 0 0 0 1 UKN UKN PS PS PS PS PS 7,30,33

842D>V 19 5 1 0 0 0 25 Yes Yes No No No HS YES
7,13,15,28,

30,31,33,34

845_848del 1 0 0 0 0 0 1 UKN UKN PS PS PS PS PS 7,33

D842del 0 1 0 0 1 0 2 UKN UKN PS PS PS PS PS 21,30,33

D842_H845del 2 1 0 0 0 0 3 Yes Yes Yes PS PS PS PS 7,13,30,33

D842_M844del 1 0 0 0 0 0 1 UKN UKN PS PS PS PS PS 13,30,33

842D>V, I843delinsV 1 0 0 0 0 0 1 UKN UKN UKN UKN UKN UKN UKN 13,33

Total number 38 56 1 0 1 1 97                

*Mutations at the protein level.
UKN, unknown; GIST, gastrointestinal stromal tumors; PS, possible sensitive; IFP, inflammatory fibroid polyp.

4.2.4. Relationships between age, sex, IFP localization, size, 
CD34 expression, mutation detection rate, and mutant exon: 
The one-way ANOVA result showed a statistically significant cor-
relation between age and IFP localization (P<0.001). Patients with 
IFPs in the stomach were older (average 67.5 ± 11.1 years) than those 
with IFPs in the small intestine (average 55.8 ± 14.6 years) (Figure 
2A). The patients were then divided into four age-based groups: <40 
years old, ≥40 and <60 years old, ≥60 and <80 years old, and ≥80 
years old. The small intestine was the only site involved by IFP in 
the group younger than 40 years old, whereas the stomach was the 
most common location affected by IFP in the remaining three age 
groups, especially in those ≥60 and <80 years old (Figure 2B). The 
Kruskal‒Wallis test revealed a statistically significant correlation be-
tween IFP diameter and localization (P<0.001). The small intestine 
had the largest IFP diameter (median 3.8 cm, interquartile 2 cm), 
followed by the stomach (median 1.6 cm, interquartile 1.6 cm), and 
the colon and cecum had the smallest IFP diameter (median 0.7 cm, 
interquartile 1.2 cm) (Figure 2C). The IFPs in the small intestine were 
larger than those in the stomach and colon (both P<0.001), while 
the difference between the stomach and the colon and cecum was 
not significant (P=0.204). There were statistically significant corre-
lations between sex and the detection rate of  PDGFRA mutation 
(P=0.017), IFP localization and mutant PDGFRA exon (P<0.001), 
and CD34 expression and mutant PDGFRA exon (P=0.039), as de-
termined by the chi-square test. The detection rate of  PDGFRA mu-
tation was higher in females (67.1%) than in males (40.7%) (Figure 
2D). PDGFRA exon 12 mutations predominated in the small intes-
tine (58.6%), whereas PDGFRA exon 18 mutations predominated in 
the stomach (83.3%) (Figure 2E). In our study, 93% of  tumors with a 
PDGFRA mutation expressed CD34. Exon 12 mutations had a high-
er proportion of  negative CD34 expression (14.3%) than exon 18 
mutations (0.0%) (Figure 2F). The results of  Student’s t test showed 
that there was a statistically significant correlation between age and 
mutant PDGFRA exon (P=0.021). Patients with PDGFRA exon 18 

mutations were older (average 65.5 ± 13.6 years) than those with 
PDGFRA exon 12 mutations (average 56.7 ± 11.6 years old). Exon 
12 mutations were predominant in the two younger groups, while 
exon 18 mutations were predominant in the two older groups (Figure 
2G). The result of  the Mann‒Whitney U test showed that there was 
a statistically significant correlation between the IFP diameter and 
mutant PDGFRA exon (P<0.001). IFP with exon 12 mutation had a 
larger diameter (median 4.0 cm, interquartile 2.7 cm) than IFP with 
exon 18 mutation (median 2.0 cm, interquartile 2.0 cm).

Figure 2: A, Average ages of  different locations of  IFP. B, Proportions 
of  different localizations of  IFP in four different age groups. C, Mean IFP 
diameters of  different locations. D, Proportions of  PDGFRA mutant and 
nonmutant IFPs in different sexes. E, Proportions of  IFPs with exon 12 
and exon 18 in different GI localizations. F, Proportions of  CD34-positive 
and CD34-negative IFPs in PDGFRA exon 12 and exon 18 mutations. G, 
Proportions of  IFPs with exon 12 and exon 18 mutations in different age 
groups.
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4.3. Familial IFP

Ten papers with seven families and individuals were included for fur-
ther analysis. Twenty of  the twenty-two patients with familial IFP 
were female (90.0%), whereas only two were male (9.1%). Twenty pa-
tients had multiple IFPs in the GI tract, whereas two had a single IFP 
in the ileum. The tumors could be found throughout the GI tract. 
The age at the initial hospital visit due to GI tumor-related symptoms 
ranged from 16 to 67 years old, with the highest frequency among 
those aged 30 to 39 (Figure 3). In addition to IFPs, three families also 
had GISTs and fibrous and fatty tumors [9,35,36]. GI wall thickening 
was confirmed in three families [9,35,36]. The most common clinical 
manifestations were abdominal pain, vomiting, constipation, and di-
arrhea, but there could also be no symptoms. Three articles reported 
changes in appearance, including large hands and feet, broad wrists, 
a coarser face, coarser skin, and unexplained premature loss of  teeth 
[36-38]. In the three families, all family members with appearance 
changes were confirmed to have PDGFRA mutations, and most 

family members with PDGFRA mutations had appearance changes 
at onset. However, not all of  them had GI tumors. Four PDGFRA 
mutation types have been identified in six families and individuals. 
Exon 12 mutations included 555Y>C and 561V>D. Exons 14 and 18 
exhibited 653P>L and 846D>V, respectively. Both families, reported 
by De Raedt et al. and Hodan et al., had the same PDGFRA germline 
mutation: 555Y>C. Only two families were affected by chromosomal 
abnormalities without explicit significance. Two patients from two 
families received imatinib and chemotherapy, respectively, in addition 
to surgical treatment for IFP. Most patients with GI tumors and re-
lated complications suffered recurrence following the initial surgery 
and underwent a total of  two, three, four, five, or even more than 
six surgeries. A 35-year-old patient died of  intestinal obstruction. 
The most severe manifestations occurred in a female patient with 
846D>V who was affected by hundreds of  GI tumors and had more 
than six surgeries within nine years (Table 4).

Figure 3: Numbers of patients in different age groups in familial cases.

Table 4: Summary of the 7 cases of familial IFP.
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Anthony et al.; 
Allibone et al.

1984; 
1992 England May-00 34 (16-59) Ileum, gastric 

antrum
Single or 
multiple No No Intussusception UKN UKN No Yes Surgery

De Raedt et al. 2006 Belgium May-00 38 (35-41) Intestine Multiple No UKN Obstruction Large hands, 
broad wrists 555Y > C t(12;14)(q13;q13) Yes Surgery

Pasini et al.,
Carney et al.

2007, 
2008 USA Jan-00 22

Stomach,
 small
intestine,

Multiple

GISTs,
fibrous 
tumors,
 lipomas

Yes Obstruction UKN 561 V > D

Losses of
chromosomal

Yes

Surgery;
chemotherapy
(cyclophosphamide,
doxorubicin, 
dacarbazine, and
vincristine)

appendix

regions 1p33-36,
9q12-24, 11q13 and 
16q(CGH); losses
of 14q13.1 and
14q22.3(LOH)

Balsara et al. 2014 India Jan-00 30 Small bowel Multiple No UKN Obstruction UKN UKN UKN Yes Surgery

Ricci et al. 2015, 
2016 Italy 2-Mar 43 (31-67)

Stomach,
duodenum, 
ileum,
ileocecal
 valve, colon

Multiple

GISTs,
fibrous
 tumors,
fatty
tumors

Yes Asymptomatic No 653P > L No Yes Surgery, imatinib

Manley et al. 2018 Canada Jan-00 50

Small bowel, 
appendix,
sigmoid colonMultiple GISTs Yes Intussusception

Coarser face,
coarser skin,
 broader hands

846D > V UKN Yes Surgeryand feet and
unexplained
premature loss 
of teeth

Hodan et al. 2021 USA Apr-00 40 (30-50) Small bowel Multiple No UKN Intussusception
Large hands, 
broad wrists, 
coarser face

555Y > C UKN Yes Surgery

*The mean age and the age range of  the first hospital visit.
UKN, unknown.
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5. Discussion
This review describes the epidemiological, clinical, pathological, and 
genetic features of  sporadic and familial IFP and their interrelation-
ships.

5.1. Characteristics of  Sporadic IFP

As previously reported, IFP primarily affected women (100/157, 
63.7%). The stomach had the highest percentage of  IFPs (69/168, 
41.1%), followed by the small intestine (30/168, 17.9%), the colon 
and cecum, and other parts of  the GI tract. Most IFPs exhibited a 
typical onion skin pattern and CD34 expression (73/91, 87.4% & 
126/182, 69.2%, respectively). The detection rate of  PDGFRA mu-
tation in sporadic cases was 56.6%, slightly higher than the 55.2% 
reported by Sebastian Huss et al [13]. PDGFRA mutations most 
often occurred in exon 12 (61/103, 59.2%), followed by exon 18 
(37/103, 35.9%). The most common mutation type in all IFPs was 
S566_E571delinsR (45/97, 46.4%), followed by 842D>V (25/97, 
25.8%) (Table 3). Again, we demonstrated the “localization-specific 
mutational pattern” that was first proposed by Sebastian Huss et al, 
[13]: exon 18 mutations were predominant in the stomach, and exon 
12 mutations were predominant in the small intestine; IFPs in the 
stomach were smaller than IFPs in the small intestine; IFPs in the 
stomach were found in older patients, and those in the small intes-
tine were found in younger patients. This pattern may have resulted 
from differences in the microenvironment of  the stomach and small 
intestine; however, further research is required [13].

What was new was that IFP most often affected those aged 60 to 79, 
an older age range than previously recognized. The median diameter 
of  IFP was 2.0 centimeters (interquartile 3.0 cm). In patients young-
er than 40 years old, IFP affected only the small intestine, whereas 
in those older than 40 years old, the stomach was most commonly 
affected (Figure 2B). There was no significant difference between the 
stomach and the colon and cecum in IFP size (Figure 2C). Only 4 
cases had negative CD34 expression, and false negatives could not be 
ruled out, so the difference in the negative rate of  CD34 expression 
between exon 12 and exon 18 was uncertain (Figure 2F). The ages 
and IFP size differences between mutations in exons 12 and 18 were 
consistent with the “localization-specific mutational pattern.”

5.2. Characteristics of  Familial IFP

The majority of  the patients with familial IFP had recurrent and 
multiple IFPs. The preference for women was significantly higher 
than that for sporadic IFP (90.9% vs. 9.1%, P<0.01). The age group 
between 30 and 39 years old had the highest incidence of  first hos-
pitalization due to GI tumors (Figure 3). This syndrome was more 
likely to be an autosomal dominant disease because the PDGFRA 
mutations in three families occurred almost simultaneously with ap-
pearance changes that might have been part of  the syndrome [36-38]. 
However, not all patients with PDGFRA mutations had IFPs, and 
other GI tumors were reported in some cases, displaying incomplete 
penetrance and variable expressivity [9,35,36]. All four types of  fa-
milial IFP mutations were substitution mutations. A patient with the 

mutation 846D>V had the most severe manifestation, indicating that 
mutations occurring in the activation loop of  PDGFRα may result 
in more severe clinical symptoms. Due to a lack of  cases and data, 
it was challenging to explore the differences in clinical symptoms, 
pathological features, and prognosis between mutation types. The 
fact that most patients underwent surgery multiple times indicates 
the difficulty of  treating this syndrome.

5.3. Current Status of  TKIs in IFP Treatment

To date, studies have tested the biological reactions of  GISTs har-
boring PDGFRA mutations to TKIs (Table 3). However, it remains 
unclear how IFPs react clinically to TKIs due to a lack of  relevant 
studies. Only one patient with multiple IFPs, GISTs, and fibrous 
tumors in the context of  a P653L-exon-14 PDGFRA mutation re-
ceived imatinib for three years, and there was no recurrence during 
the 48-month follow-up period [9].

5.4. The Potential Relationship Between Sex and Pathogenesis

We found that the detection rate of  PDGFRA mutation in female 
patients was significantly higher than that in male patients (Figure 
2D). This finding did not follow the hypothesis that all IFPs were 
caused by mutations in PDGFRA exons 10, 12, 14, and 18. There 
may be mutations at other gene sites that contribute to the develop-
ment of  this tumor and display a sex bias that we have yet to identify. 
Moreover, the detection rate of  PDGFRA exon 10, 12, 14, and 18 
mutations in all sporadic IFPs was only 56.6%.

IFPs were more likely to affect women. As there were no significant 
differences in the localization and size of  IFPs between male and 
female patients, symptom penetration and hospital admission rate 
were not the main factors. The familial syndrome appeared to be au-
tosomal dominant with incomplete penetrance, so heredity was not 
considered. Why is there a sex difference? Zoran et al. discovered 
androgen receptor-positive cells in IFP tissue that corresponded with 
the distribution of  Ki67-positive cells but no estrogen receptor-pos-
itive cells [39]. Androgen receptors, estrogen, and estrogen receptors 
have been found to act in various diseases, including cancer [40-43]. 
We hypothesized that the development and progression of  IFP were 
associated with sex hormones and their receptors, given that IFP 
always affected postpubescents. The sex bias may result from differ-
ences in the serum levels of  estrogen and androgen and the propor-
tion or function of  the receptors on IFP cells, just as the expression 
of  androgen receptors was higher in male patients with gastric cancer 
than in female patients [44].

5.5. “Telocytes” may be the Precursor Cells of  IFP

The exact pathophysiology of  IFP is currently unknown. Ricci et al. 
proposed that “telocytes,” a type of  interstitial cell first described by 
L. M. Popescu and Maria-Simonetta in 2010, were the physiological 
counterpart of  IFP and PDGFRA-mutant GISTs, possibly pathoge-
netically related to both of  these tumor types, and suggested the term 
“telocytoma” for redefining IFP45. “Telocytes” are nucleated cells 
with 2-5 cell body prolongations that are very long and thin, and they 
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can be found in the connective tissue of  many organs, which could 
explain the single IFP found in the gallbladder (Table 2) [46]. How-
ever, the relationship between PDGFRA mutations and “telocytes” 
remains uncertain.

5.6. Limitations of  this Systematic Review

This study had several limitations. First, we only searched two com-
mon databases to select the related cases, so many cases might have 
been omitted. Second, as in most systematic reviews and analyses, 
reporting and publication bias were present in this review. Some 
included publications were case reports describing unique clinical 
symptoms, IFP characteristics, or patient histories. Therefore, this re-
view lacked a high degree of  clinical representativeness. In addition, 
there was heterogeneity in the reported case data, such as patient 
baseline information, IHC results, and gene detection sites, which 
may have affected the systematic review. However, no significant het-
erogeneity was identified. Third, some of  the findings in this review 
have previously been published, including the epidemiology, IFP 
localization, size, and specific localization differences between the 
stomach and small intestine. However, we presented them from a 
broader and more comprehensive perspective and provided a series 
of  additional discoveries.

6. Conclusions
We reviewed IFP by studying sporadic and familial cases, emphasiz-
ing its genetic features. In conclusion, we demonstrated previously 
known epidemiological, clinicopathological, and genetic features, 
such as the “localization-specific mutational pattern” between the 
stomach and small intestine. We also proposed many novel results 
and insights. For sporadic IFP, there were 18 types of  PDGFRA 
mutations reported in the literature, and the overall PDGFRA mu-
tation detection rate was 56.6%. Seven families and individuals with 
familial IFP have been documented, and four PDGFRA mutation 
types have been discovered in six families. There is a potential rela-
tionship between the severity of  familial IFP and the mutation type, 
but further study is needed. Further research is required to determine 
the potential therapeutic benefit of  TKIs for IFPs. The sex bias in 
the detection rate of  the PDGFRA mutation and the incidence of  
IFP may indicate pathophysiology related to sex at the gene and sex 
hormone levels that we do not yet understand.
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