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Abstract
Background. A group of  inflammatory spindle cell lesions (ISCLs) includes many nosological entities 
with a common histological image consisting of spindle-shaped cells and inflammatory infiltrate. Diverse 
diseases indicate different prognoses that can be difficult to predict. The most well-known neoplasm from 
the group is an inflammatory myofibroblastic tumor (IMT) that harbors tyrosine kinase gene rearrangement 
frequently affecting ALK, ROS1, RET, PDGFRB, NTRK, and IGF1R genes. In contrast, a reactive mass-forming 
lesion is regarded as an inflammatory pseudotumor (IPT).

Objectives. This study aimed to: 1) investigate the accuracy of the primary diagnosis of IMT and IPT with 
the diagnostics using extended analysis of clinical data, re-evaluation of histopathological slides and next-
generation sequencing (NGS); and 2) to establish prognostic and diagnostic factors.

Materials and methods. Finally, 46 cases of ISCLs were retrieved. The authors revised diagnoses and 
performed NGS based on ribonucleic acids isolated from selected paraffin blocks. Clinical and paraclinical 
data were also collected. The final diagnoses were made as a result of available information integration.

Results. The sequencing confirmed 4 IMTs and detected 4 fusion gene types – EML4-ALK, RANBP2-ALK, and 
ETV6-NTRK3. Additionally, 1 afunctional EGFR-PPARGC1A rearrangement was found in gastric inflammatory 
fibroid polyp. A subset of reactive lesions also contained some mutations, which is consistent with actual 
knowledge. Neoplasms with ganglion-like cells, nuclear atypia and increased mitotic activity gave local 
recurrences. A higher percentage of necrosis indicated IMTs and patients who died in the analyzed period. 
No relation between genetic alterations and relapse was found.

Conclusions. A final diagnosis can be made based on all clinical and paraclinical data. The prognosis after 
the treatment is dependent on the pathological diagnosis, disease location and resection completeness, pres-
ence of ganglion-like cells, nuclear atypia, mitotic index, and necrosis. Not only neoplastic but also reactive 
lesions can recur. The presence of gene rearrangements and necrosis can have diagnostic value.

Key words: next-generation sequencing, receptor tyrosine kinase, inflammatory myofibroblastic tumors, 
inflammatory pseudotumors, inflammatory spindle cell lesions
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Background

Inflammatory spindle cell lesions (ISCLs) represent a his-
tologically defined group of disorders. Microscopically, 
they are characterized by the presence of spindle-shaped 
cells interspersed with a dense inflammatory infiltrate 
(Fig. 1). This group is heterogeneous in nature, encompass-
ing a range of distinct pathological entities.1–4 Initially, 
ISCLs were divided into 2 subgroups: 1) a neoplastic le-
sion – an inflammatory myofibroblastic tumor (IMT); and 
2) a reactive lesion – an inflammatory pseudotumor (IPT).1 
Subsequently, the group was gradually expanded.3,5–18 Any 

secondary inflamed spindle cell neoplasm may be included 
in this group. However, establishing an accurate diagnosis 
can be challenging.19

Inflammatory spindle cell lesions may occur in any re-
gion of the human body, with symptoms and signs de-
pending on the location.3 Radiological imaging is often 
heterogeneous and nonspecific.20 Correlation of histologi-
cal features, molecular genetic testing, clinical history, and 
radiological data is essential for accurate diagnosis.

Inflammatory myofibroblastic tumors are intermediate-
grade neoplasms characterized by a relatively high recur-
rence rate and low metastatic potential. Under a  light 

Highlights
•	 Inflammatory spindle cell lesions (ISCLs) feature spindle cells mixed with inflammatory infiltrates – hallmark 

morphology for this rare entity.
•	 ISCL spectrum ranges from neoplastic inflammatory myofibroblastic tumors (IMTs) to reactive inflammatory 

pseudotumors (IPTs).
•	 Neoplastic and reactive ISCLs alike can exhibit aggressive histology, oncogenic mutations and clonal genetic 

changes.
•	 Tyrosine receptor kinase gene rearrangement testing (ALK, ROS1, NTRK) is mandatory for a definitive IMT 

diagnosis.
•	 Pathology reports should list prognostic and diagnostic markers – ganglion-like cells, cytologic atypia, mitotic 

index, necrosis, and gene rearrangements.

Fig. 1. Histopathological image of an inflammatory spindle cell lesion is composed of spindle cells (red arrows) and inflammatory infiltrate. Blue arrows: 
lymphocytes, green arrows: plasma cells, yellow arrows: eosinophils
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microscope, 3 major histopathological patterns can be 
distinguished: classical, hypocellular and hypercellular. 
A hypercellular pattern, high mitotic activity, presence 
of myxoid stroma, ganglion-like cells, multinucleated gi-
ant cells, necrosis, lymphovascular invasion, and infiltra-
tive growth are considered adverse prognostic factors.3,21 
Approximately 50–60% of IMTs harbor ALK gene rear-
rangements. Other gene fusions – such as ROS1, PDG-
FRB, RET, NTRK1/3, and IGF1R – occur less frequently. 
Prior to the identification of these driver fusion genes, 
the terms IMT and IPT were sometimes used interchange-
ably by clinicians.3

Objectives

The aim of the study was to: 1) investigate the accuracy 
of primary diagnoses of IMT and IPT by incorporating 
extended clinical data analysis, re-evaluation of histo-
pathological slides and next-generation sequencing (NGS); 
2) determine whether pathological diagnoses, disease loca-
tion, histological features, and genetic changes influence 
local recurrence of ISCLs.

Materials and methods

Participants

Eighty-five cases of ISCLs, initially diagnosed as IMT 
or IPT, were retrieved from the Department of Medical 
Pathomorphology, Medical University of Bialystok (Po-
land) database. After excluding 39 cases, 46 patients were 
included in the study (22 men and 24 women; most com-
mon lesion locations: abdomen and orbit). Based on the fi-
nal histopathological diagnoses, the cases were classified 
into 2 groups: neoplastic (n = 24) and reactive (n = 22). 
Clinical and paraclinical data collected before and after 
diagnosis were analyzed for both groups.

Design and settings

The study was approved by Guidelines for Good Clini-
cal Practice by the Bioethical Committee at the Medical 
University of Bialystok (approval No. APK.002.339.2020). 
First, archival formalin-fixed paraffin-embedded (FFPE) 
blocks were prepared using the Leica TP1020 tissue pro-
cessor (Leica Camera AG, Wetzlar, Germany) and the His-
toCore Arcadia H + C embedding system (Leica Camera 
AG) before the study. At this stage, standard reagents, in-
cluding 10% buffered neutral formalin, xylene (isomeric 
mixture), ethanol, and paraffin wax, were used. Then, us-
ing the HistoCore AUTOCUT microtome (Leica Camera 
AG), 4–5 μm-thick sections were prepared and placed 
on SuperFrost Plus base glasses (Thermo Fisher Scientific, 
Waltham, USA). Hematoxylin and eosin (H&E) staining 

was performed using the ST5010 Autostainer XL (Leica 
Camera AG). Finally, histopathological slides were covered 
using CV5030 Glass Coverslipper (Leica Camera AG).

The initial evaluation of H&E-stained histopathologi-
cal slides was performed by the 1st pathologist (K.S.) us-
ing a light microscope (Olympus BX43; Olympus Corp., 
Tokyo, Japan). A second opinion was provided for each 
case by the 2nd pathologist (J.R.G.). Final assessments were 
based on consensus between the 2 specialists. The histo-
pathological evaluation included the following criteria:

−  overall pattern (classical, hypocellular or hypercel-
lular);

−  degree of nuclear atypia, assessed according to the cri-
teria proposed by Weir et al.22;

−  percentage of necrosis;
−  mitotic index, defined as the number of mitoses per 

10 high-power fields (HPF);
−  intensity of the inflammatory infiltrate, graded ac-

cording to the method presented by Klintrup et al.23;
−  predominant type of inflammatory cells within the in-

filtrate;
−  presence of ganglion-like cells, angioinvasion and 

perineural invasion.
Two pathology specialists reviewed all cases and selected 

46 for the NGS procedure. Genomic RNA was extracted 
from the macrodissected FFPE material using the AllPrep 
DNA/RNA FFPE Kit (Qiagen, Hilden, Germany). Quan-
tity and quality of isolated RNA were determined using 
the  NanoDrop 1000  UV Spectrophotometer (Thermo 
Fisher Scientific) and Qubit Fluorometer (Thermo Fisher 
Scientific).

Sample analysis was performed by  NGS technology 
with the Archer® Fusion Plex® Lung Kit v. PI028.1 (Ar-
cherDX, Inc, Boulder, USA) on the Illumina MiSeq plat-
form. The NGS-based targeted sequencing assay allows 
detection of known and novel gene fusions, single nucleo-
tide variations (SNVs), insertion/deletion polymorphism 
(indels), splicing, and gene expression. The kit contains 
163 GSPs targeting 14 genes. The unique molecular on-tar-
get is above 93%. The assay targets are presented in Table 1. 
The recommended number of reads for all targets was 
500,000. Data were analyzed using the Lung Target Region 
File and vendor-supplied software (Archer Analysis v. 6.2.7; 
Integrated DNA Technologies Inc.). The limit of detection 
(LoD) was defined as a minimum of 5 reads with at least 
3 unique sequencing start sites spanning the breakpoint 
regions. The read length was paired-end, with a cut-off 
of 5% for variant allele frequency (VAF). The median cov-
erage for all samples was 1,350.

Criteria

Following the analysis of clinical and paraclinical data, 
histopathological slide assessments and NGS results, 
the  final diagnoses were established by 2 pathologists 
based on the World Health Organization (WHO) soft 
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tissue tumor classification criteria24 (Fig. 2). The inclu-
sion criteria were: 1) primary histopathological diagno-
sis of IMT or IPT; 2) presence of FFPE blocks; 3) spindle 
cell morphology with inflammatory infiltrate resembling 
IMT; and 4) RNA integrity number (RIN) with a mini-
mum value of 2. Cases were excluded if FFPE material was 
unavailable, if histopathological features differed from 
the study criteria, or if the RNA integrity number (RIN) 
was below 2.

Statistical analyses

The statistical parameter formulas and definitions used 
for diagnostic verification are outlined in Fig. 3. Dichoto-
mous division was used at each stage of the analysis, e.g., 
neoplasms compared to other diseases, IMTs compared 
to other ISCLs, recurrent compared to non-recurrent 
cases, and patients who died compared to  those who 
survived. To assess the impact of the dichotomous clas-
sification, odds ratios (ORs) and 95% confidence intervals 
(95% CIs) for the 2 proportions were calculated using 
the method described by Tenny et al.25 These statistical 
parameters were selected because they effectively quan-
tify the strength of association between the 2 groups (with 
and without events) in retrospective studies.25 Probability 
values (p-values) were calculated using the MedCalc on-
line calculator (https://www.medcalc.org).

All numerical data (e.g., necrosis percentage, mitotic 
index) obtained through light microscopy represented 
subjective assessments by the pathologists. While these 
should be considered continuous variables, they could not 
be assumed to follow a normal distribution. The data ob-
tained using NGS should be treated similarly. At each stage 
of the analysis, values were categorized into 1 of 2 groups; 
therefore, a nonparametric test was selected to account for 

Fig. 2. Diagram depicting the data collection and work schedule

FFPE – formalin-fixed paraffin-embedded; IMT – inflammatory 
myofibroblastic tumor; IPT – inflammatory pseudotumor.

Diagnoses identified from
database:
– IMT (n = 27);
– IPT (n = 58).
Period: 2003–2022

Collected cases
which fulfilled

the inclusion criteria 
(n = 46)

State Information 
Technology Center 
(17th November 2023)
– Alive (n = 36)
– Dead (n = 10)

Slide and clinical 
data assessment 

(n = 46)

RNA quantity and 
quality evaluation 

(n = 46)
Evaluation failed 

(n = 1)

NGS (n = 45)

Excluded cases
(n = 39)

Reassessment
and final diagnosis

Table 1. Next-generation sequencing target genes

Gene Exons

ALK
NM_004304 exon 22, 23, 25 mutations

NM_004304 exon 2, 4, 6, 10, 16, 17, 18, 19, 20, 21, 22, 23, 26 
fusions 5’

BRAF

NM_004333 exon 15 mutation (V600)

NM_004333 exon 2, 7, 8, 9, 10, 11, 12, 15, 16 fusion 5’

NM_004333 exon 1, 3, 7, 8, 10, 13 fusion 3’

EGFR

NM_005228 exon 18, 19, 20, 21 mutations

NM_005228 exon 7, 8, 9, 16, 19, 20, fusion 5’

NM_005228 8 exon 2–7 skipping (EGFRvIII) 5’

NM_005228 exon 1, 24, 25 fusion 3’

NM_005228 1 exon 2–7 skipping (EGFRvIII) 3’

FGFR1
NM_015850 exon 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 17 fusions 5’

NM_015850 exon 12, 17 fusion 3’

FGFR2
NM_000141 exon 2, 5, 7, 8, 9, 10 fusion 5’

NM_000141 16, 17 fusion 3’

FGFR3
NM_000142 exon 3, 5, 8, 9, 10 fusion 5’

NM_000142 exon 16, 17, 18 fusion 3’

KRAS NM_004985 exon 2, 3 mutation

MET

NM_000245 exon 2, 4, 5, 6, 13, 14, 15, 16, 17, 21 fusion 5’

NM_000245 15 exon 14 skipping 5’

NM_000245 exon 2, 13 fusion 3’

NM_000245 13 exon 14 skipping 3’

NRG1

NM_013957 exon 1, 8 fusion 5’

NM_004495 exon 1, 2, 3, 4, 6 fusion 5’

NM_013962 exon 1 fusion 3’

NTRK1 NM_002529 exon 2, 4, 6, 8, 10, 11, 12, 13 fusion 5’

NTRK2 NM_006180 exon 5, 7, 9, 11, 12, 13, 14, 15, 16, 17 fusion 5’

NTRK3

NM_002530 exon 4, 7, 10, 12, 13, 14, 15, 16 fusion 5’

NM_001007156 exon 15 fusion 5’

NM_002530 exon 13, 14, 15 fusion 3’

RET
NM_020630 exon 15,16 mutation

NM_020630 exon 2, 4, 6, 8, 9, 10, 11, 12, 13, 14 fusion 5’

ROS1
NM_002944 exon 38 mutation

NM_002944 exon 2, 4, 7, 31, 32, 33, 34, 35, 36, 37 fusion 5’

ALK – anaplastic lymphoma kinase; BRAF – B-type rapidly accelerated 
fibrosarcoma; EGFR – epidermal growth factor receptor; FGFR – fibroblast 
growth factor receptor; KRAS – Kirsten rat sarcoma; MET – mesenchymal-
to-epithelial transition  factor; NRG1 – neuregulin 1; NTRK – neurotrophic 
tyrosine receptor kinase; RET – rearranged during transfection; 
ROS1 – v-ras avian UR2 sarcoma virus oncogene homolog 1.

https://www.medcalc.org
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the data distribution. A two-tailed Mann–Whitney U test 
was conducted at a 5% significance level using the Statistics 
Kingdom online calculator (https://www.statskingdom.
com). Outlier values were included in the analysis.

Results

Histopathological assessment

The predominant tissue patterns were classical (41.3%), 
mixed (30.4%) and hypocellular (17.4%) (Fig. 4). Nuclear 
atypia was observed in 17 cases (37%), mostly mild, while 
3 cases (6.5%) contained ganglion-like cells. Necrosis was 
present in 26 cases (56.5%). Approximately ¾ of the lesions 
showed no mitoses. Chronic inflammatory infiltrates, pri-
marily composed of lymphocytes and plasma cells, dom-
inated among the cases. Angiovascular and perineural 
invasion were not observed.

The ORs for the presence of atypia and mitoses in neo-
plastic lesions compared to reactive lesions were statisti-
cally significant at the 95% confidence level: OR = 7.48 
(95% CI: 1.74–32.17, p = 0.007) and OR = 7.14 (95% CI: 

1.35–37.75, p = 0.021), respectively. These values were 
calculated using the method described by Tenny et al.25

The estimated necrosis percentage in IMTs (cases 1, 
2, 3, 4, and 46) compared to other ISCLs was evaluated 
using the Mann–Whitney U test (U = 162.5, p = 0.028). 
A statistically significant difference was observed, with 
the 1st group exhibiting a mean value of 34.2% compared 
to 11.9% in the 2nd group, at the 95% CI (Fig. 5). Based 
on histopathological features and clinical data, 46 cases 
were qualified for molecular diagnostics.

Molecular diagnostics

Gene fusions

One sample (case 46) failed RNA quality and quantity 
control because the RIN value was below 2. Fusion genes 
were identified in 5 cases. Among them, 4 cases were ulti-
mately diagnosed as IMTs due to the presence of tyrosine 
kinase rearrangements. Cases 1 and 2 presented an EML4-
ALK fusion, while case 3 displayed a RANBP2-ALK fu-
sion, which led to the diagnosis of epithelioid inflamma-
tory myofibroblastic sarcoma (EIMS) – a more aggressive 

Fig. 3. A. Statistical parameter formulas; B. Definitions used during verification of neoplasm diagnosis correctness; C. Definitions used during verification 
of inflammatory myofibroblastic tumor diagnosis correctness

FN – false negative; FP – false positive; IMT – inflammatory myofibroblastic tumor; TN – true negative; TP – true positive.

Fig. 4. Tissue pattern. A. Classical (case 4); B. Hypercellular (case 5); C. Hypocellular (case 2). Hematoxylin and eosin (H&E) slides, ×200 magnification

https://www.statskingdom.com
https://www.statskingdom.com
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variant of IMT. Case 4 was characterized by a translo-
cation involving the NTRK3 and ETV6 genes. In case 5, 
an EGFR-PPARGC1A rearrangement, which was deemed 
nonfunctional due to the absence of a promoter, was iden-
tified in a gastric inflammatory fibroid polyp (Table 2).

Gene variants

Eighty-four genetic changes, including substitutions, in-
sertions, duplications, and deletions, were identified across 
58 gene variants through RNA NGS analysis. According 

to the Varsome database (https://varsome.com), these vari-
ants were classified as follows: 15 pathogenic, 17 likely patho-
genic, 38 of uncertain significance, and 14 benign (Table 3). 
The most frequently observed pathogenic variants were nu-
cleotide substitutions at positions 34 and 35 of the KRAS gene. 
These mutations were detected in multiple cases, including 
EIMS (case 3), Langerhans cell histiocytosis (case 11), inflam-
matory fibroid polyp (case 16), and IPTs (cases 21, 24 and 27).

Additionally, the most commonly identified likely patho-
genic variant involved a  cytosine-to-thymine substitu-
tion at position 2975 of the MET gene. The mutation was 

Table 2. Collective description of fusion genes diagnosed in neoplasms during the study

Case 
num-

ber

Diagno-
sis

Pat-
tern Atypia Ne-

crosis

Inflammato-
ry infiltrate 

intensity

Dominating 
inflamma-
tory cells

IHC Fusion 
gene Breakpoints Recur-

rence

Obser-
vation 
period

1
IMT of 

the exter-
nal nose

C mild 10% severe histiocytes
(+): SMA;
(−) S100

EML4-ALK

chr2:42522656 
(exon 13)

chr2:29446394 
(exon 18)

1 year 7 years

2
hepatic 

IMT
C/↓ none 1% severe neutrophils

(+): vim, SMA, 
CD 99;

(−): CK,CD 10, 
CD31, CD34;

Ki67: low

EML4-ALK

chr2:42492091 
(exon 6)

chr2:29446394 
(exon 18)

none 8 years

3

EIMS of 
the left 

sphenoid 
sinus

C
mod-
erate

40% moderate
lymphocytes, 
plasma cells, 
neutrophils

(+): SMA; ALK 
(focally);

(−): CK, CD34;
Ki67: 10%

RANBP2-
ALK

chr2:110449532 
(intron 24)

chr2:29443649 
(exon 23)

none 7 years

4
IMT of 

the right 
orbit

C mild 80% moderate
lymphocytes, 
plasma cells, 
neutrophils

not performed
ETV6-
NTRK3

chr12:12022903 
(exon 5)

chr15:88483984 
(exon 15)

none 1 year

5
gastric 

IFP
↑ mild 1% mild eosinophils

(+): CD34, SMA;
(−): desmin,

H-caldesmon, 
ALK, CK, CD117, 

DOG1

EGFR-
PPARGC1A

chr7:55087048 
(exon 1)

chr4:23926271 
(exon 2)

none 4 years

↓ – hypocellular; ↑ – hypercellular; (–) – negative; (+) – positive; ALK – anaplastic lymphoma kinase; C – classical; CD – cluster of differentiation; CK – (pan)
cytokretin; EGFR – epidermal growth factor receptor; EML4 – echinoderm microtubule-associated protein-like 4; ETV6 – ETS variant transcription factor 6; 
F – female; IFP – inflammatory fibroid polyp; IMT – inflammatory myofibroblastic tumor; IHC – immunohistochemistry; M – male; NTRK – neurotrophic 
tyrosine receptor kinase; PPARGC1A – peroxisome proliferator-activated receptor gamma, coactivator 1 alpha; RANBP – RAN-binding protein; SMA – smooth 
muscle actin; vim – vimentin.

Fig. 5. Histogram (left) depicts the distribution of necrosis percentage values among inflammatory myofibroblastic tumors (IMTs; blue) and other 
inflammatory spindle cell lesions (ISCLs; grey). The arithmetic mean values ​​are marked with vertical lines. Axes: abscissa – necrosis percentage intervals 
in the histopathological slides: [0–20%], [20–40%), [40–60%), [60–80%), and [80–100%]; ordinate – number of cases. Individual value plot (right) shows a dot 
for the actual value of each observation in both groups. The median values ​​are marked with squares. Axes: abscissa – groups of cases (blue: IMTs, grey: 
other ISCLs); ordinate – necrosis percentage

https://varsome.com
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Table 3. List of gene variants detected using of NGS and their significance according to the Varsome database (https://varsome.com/)

Case 
number

Diagnosis 
(fusion gene) Gene HGVSp HGVSc VAF Gene variant 

significance Recurrence

1 IMT (EML4-ALK)

MET p.Asn375Ser c.1124A>G 0.663 benign

1 yearRET p.Val25Ala c.74T>C 0.051 benign

RET p.Leu27Ser c.80T>C 0.050 uncertain

2 IMT (EML4-ALK) none – – – – no

3 EIMS (RANBP2-ALK)

EGFR p.Gln276Ter c.826C>T 0.090 uncertain

noKRAS p.Gly12Cys c.34G>T 0.067 pathogenic

NTRK3 p.Leu449Phe c.1345C>T 0.051 uncertain

4 IMT (ETV6-NTRK3) none – – – – no

5
inflammatory 
fibroid polyp 

(EGFR-PPARGC1A)
none – – – – no

6 granular cell tumor FGFR3
p.Val642_

Leu645delinsIleHisHisIle
c.1924_1933delinsATTCACCACA 0.956 uncertain 6 years

7 plasma cell myeloma

BRAF p.Gly315AspfsTer57 c.944del 0.564
likely 

pathogenic

no
EGFR p.Glu746Val c.2237A>T 0.071 uncertain

EGFR
p.Leu747_

Pro753delinsSer
c.2240_2257del 0.067 pathogenic

RET p.Leu27Ser c.80T>C 0.052 uncertain

8 fibroma

FGFR3
p.Val642_

Leu645delinsIleHisHisIle
c.1924_1933delinsATTCACCACA 0.897 uncertain

no
EGFR p.Ser768Ile c.2303G>T 0.569 pathogenic

MET p.Thr992Ile c.2975C>T 0.552
likely 

pathogenic

EGFR p.Gly719Ala c.2156G>C 0.529 pathogenic

9
anaplastic 

meningioma
none – – – – 4 months

10
submucosal 
fibromatosis

none – – – – no

11
Langerhans cell 

histiocytosis
KRAS p.Gly12Val c.35G>T 0.065 pathogenic no

ALK p.Met1199Ile c.3597G>A 0.063 uncertain no

12
desmoid 

fibromatosis
ALK p.Met1199Ile c.3597G>A 0.058 uncertain 1st: 1 year, 

2nd: 6 yearsRET p.Leu27Ser c.80T>C 0.051 uncertain

13
sarcomatoid 

urothelial carcinoma
EGFR p.His870Tyr c.2608C>T 0.063 uncertain

1st: 1 month, 
2nd: 2 months

14
plexiform 

fibromyxoma
BRAF p.Lys591Glu c.1771A>G 0.065 pathogenic no

15 angiosarcoma FGFR3
p.Val642_

Leu645delinsIleHisHisIle
c.1924_1933delinsATTCACCACA 1.0 uncertain no

16
inflammatory fibroid 

polyp

KRAS p.Gly12Cys c.34G>T 0.981 pathogenic

no
BRAF p.Ile572Val c.1714A>G 0.167 uncertain

ALK p.Thr1026Pro c.3076A>C 0.119 benign

BRAF p.Arg603Ter c.1807C>T 0.081
likely 

pathogenic

17
inflammatory fibroid 

polyp

BRAF p.Arg603Ter c.1807C>T 0.556
likely 

pathogenic

no
BRAF p.Arg444Gln c.1331G>A 0.357 uncertain

BRAF
p.Ser446_

Ser447delinsLeuAsn
c.1337_1340delinsTGAA 0.294 uncertain

ALK p.Thr1026Pro c.3076A>C 0.105 benign

18
inflammatory fibroid 

polyp
MET p.Thr992Ile c.2975C>T 0.889

likely 
pathogenic

no

https://varsome.com/
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Case 
number

Diagnosis 
(fusion gene) Gene HGVSp HGVSc VAF Gene variant 

significance Recurrence

19 GIST MET p.Thr992Ile c.2975C>T 0.060
likely 

pathogenic
2 years

20 neurofibroma BRAF p.Asn581Tyr c.1741A>T 0.579 pathogenic no

21 IPT

KRAS p.Gly12Cys c.34G>T 0.331 pathogenic

no
EGFR p.Gln1020Ter c.3058C>T 0.082 uncertain

NTRK3 p.Pro514Leu c.1541C>T 0.054
likely 

pathogenic

22 IPT

BRAF p.Gly469Ala c.1406G>C 0.438 pathogenic no

NTRK2 p.Pro50Leu c.149C>T 0.063 uncertain no

FGFR3 p.Arg124Trp c.370C>T 0.051 uncertain no

23
IPT (associated with 

small cell carcinoma)
FGFR1 p.Pro151Ser c.451C>T 0.056

likely 
pathogenic

no

24 IPT

KRAS p.Gly12Val c.35G>T 0.402 pathogenic

noFGFR3 p.Val364TrpfsTer30 c.1090del 0.192
likely 

pathogenic

MET p.His1079Tyr c.3235C>T 0.188 uncertain

25 IPT ROS1 P.Ser1891LysfsTer18 c.5671dup 0.054 uncertain no

26 IPT
BRAF p.Gly315AspfsTer57 c.944del 0.406

likely 
pathogenic no

RET p.Leu27Ser c.80T>C 0.068 uncertain

27 infective IPT

KRAS p.Gly12Ala c.35G>C 0.248 pathogenic

no

BRAF
p.Ser446_

Ser447delinsLeuAsn
c.1337_1340delinsTGAA 0.192 uncertain

BRAF p.Arg603Ter c.1807C>T 0.208
likely 

pathogenic

BRAF p.Arg444Gln c.1331G>A 0.179 uncertain

FGFR1 p.Thr724Ile c.2171C>T 0.077
likely 

pathogenic

28 IPT – dacryoadenitis BRAF p.Asn581Tyr c.1741A>T 0.579 pathogenic no

29 IPT

BRAF p.Ile617Phe c.1848_1849delinsTT 0.714 uncertain

noBRAF p.Arg603Ter c.1807C>T 0.24
likely 

pathogenic

BRAF p.Trp619Cys c.1857G>T 0.083 pathogenic

30 infective IPT
RET p.Arg886Trp c.2656C>T 0.549 uncertain

no
MET p.Thr992Ile c.2975C>T 0.469

likely 
pathogenic

31 infective IPT FGFR1 p.Gln762Ter c.2284C>T 0.1 uncertain 1 year

32 IPT

BRAF p.Pro367Leu c.1100C>T 0.140 uncertain

no
NTRK1 p.Thr434Met c.1301C>T 0.109 benign

EGFR p.Gln40Ter c.118C>T 0.078 uncertain

BRAF p.Pro301Leu c.902C>T 0.059 benign

33 IPT

ALK p.Thr1026Pro c.3076A>C 0.086 benign

no

BRAF p.Arg603Ter c.1807C>T 0.076
likely 

pathogenic

ALK p.His1030Pro c.3089A>C 0.065 benign

BRAF p.His539Tyr c.1615C>T 0.058 uncertain

BRAF p.Glu533Ter c.1597G>T 0.057 uncertain

BRAF p.Phe583Val c.1747T>G 0.057 uncertain

BRAF p.Phe548Ser c.1643T>C 0.056 uncertain

BRAF p.Lys591Glu c.1770_1771delinsGG 0.05
likely 

pathogenic

Table 3. List of gene variants detected using of NGS and their significance according to the Varsome database (https://varsome.com/) – cont.
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found in several cases, including orbital fibroma (case 8), 
inflammatory fibroid polyp (case 18), gastrointestinal stro-
mal tumor (GIST – case 19), infective IPT (case 30), and 
ischemic fasciitis (case 38). Substitutions at position 1807 
of the BRAF gene were also detected in inflammatory fi-
broid polyps (cases 16 and 17) and IPTs (cases 27, 29 and 33).

Clonality

The NGS gene panel revealed clonality in a majority 
of  the neoplasms studied. At  least 1 gene variant with 
a VAF value greater than 0.5 or a functional gene rear-
rangement was identified in 50% of the neoplasms. Lower 
values of VAF and no functional rearrangement were found 
in 29% of patients. Only 21% of examined neoplasms did 
not present either mutation or rearrangement. Moreover, 
genetic alterations were identified in 82% of inflammatory 

lesions, cases with VAF values exceeding 0.5 in 18% of in-
flammatory lesions and with a VAF range of 0–0.5 in 64%. 
The OR for the presence of at least 1 functional rearrange-
ment or genetic alteration with a VAF of 0.5 or higher 
in the neoplastic group compared to the reactive group 
was approx. 5.85. This result was statistically significant 
at the 95% confidence level (95% CI: 1.50–22.83, p = 0.011), 
calculated using the method described by Tenny et al.25

Clinical follow-up

The maximum observation for the study was 17 years. 
During this time, 10 patients (21.7%) died within a maxi-
mum of 6 years following the surgery. The causes of deaths 
were related to severe neoplastic diseases, including plasma 
cell myeloma (case 7), anaplastic meningioma (case 9), des-
moid fibromatosis (case 12), angiosarcoma (case 15), and 

Case 
number

Diagnosis 
(fusion gene) Gene HGVSp HGVSc VAF Gene variant 

significance Recurrence

34 IPT
NTRK3 p.Val308Met c.922G>A 0.559 benign

no
EGFR p.Ser229Cys c.685A>T 0.095 uncertain

35 IPT – aneurysm wall
ALK p.Thr1026Pro c.3076A>C 0.333 benign

no
ALK p.His1030Pro c.3089A>C 0.079 benign

36
xanthogranuloma-
tous pyelonephritis

BRAF p.Gly32_Ala33dup c.95_100dup 0.431 benign
no

ALK p.Thr1026Pro c.3076A>C 0.145 benign

37 infective IPT BRAF p.Ala349del c.1046_1048del 0.051 uncertain no

38

ischemic fasciitis 
(associated 

with mammary 
carcinoma)

MET p.Thr992Ile c.2975C>T 0.06
likely 

pathogenic
no

39 IPT

FGFR1 p.Ala411Val c.1232C>T 0.152 uncertain

no

KRAS p.Ser39Phe c.116C>T 0.096 uncertain

FGFR1 p.Arg716Cys c.2146C>T 0.078 pathogenic

EGFR p.Phe44Ser c.131T>C 0.073 benign

KRAS p.Gln43Ter c.127C>T 0.056 uncertain

40
IPT (associated 

with colon 
adenocarcinoma)

FGFR3 p.Ser779Asn c.2336G>A 0.06 uncertain no

41 spindle cell SCC none – – – – 6 months

42
solitary fibrous 

tumor
none – – – – no

43 leiomyoma none – – – – 1 month

44
IPT (after treatment 

of DLBCL)
none – – – – no

45 IPT – sinusitis none – – – – no

46 IMT/PMP NGS not performed – 1 month

ALK – anaplastic lymphoma kinase; BRAF – B-type rapidly accelerated fibrosarcoma; DLBCL – diffuse large B-cell lymphoma; EGFR – epidermal growth 
factor receptor; EIMS – epithelioid inflammatory myofibroblastic sarcoma; FGFR – fibroblast growth factor receptor; GIST – gastrointestinal stromal 
tumor; HGVSc – Human Genome Variation Society coding sequence name; HGVSp – Human Genome Variation Society protein sequence name; 
IMT – inflammatory myofibroblastic tumor; IPT – inflammatory pseudotumor; KRAS – Kirsten rat sarcoma; MET – mesenchymal-to-epithelial  transition 
factor; NGS – next-generation sequencing; NTRK – neurotrophic tyrosine receptor kinase; PMP – pseudosarcomatous myfibroblastic proliferation; 
RET – rearranged during transfection; ROS1 – v-ras avian UR2 sarcoma virus oncogene homolog 1; SCC – squamous cell carcinoma; VAF – variant allele 
frequency.

Table 3. List of gene variants detected using of NGS and their significance according to the Varsome database (https://varsome.com/) – cont.
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intestinal GIST (case 19). One patient (case 35) died post-
surgery due to an abdominal aortic rupture. The overall 
odds of death were 0.33 in the neoplastic group and 0.22 
in the reactive group.

During the surveillance period, which ranged from 1 
to 13 years, 10 patients (21.7%) experienced local recurrence 
of their disease (Table 4). Nine of these cases were neoplas-
tic in origin, including IMT (case 1), granular cell tumor 
(case 6), anaplastic meningioma (case 9), desmoid fibroma-
tosis (case 12), sarcomatoid urothelial carcinoma (case 13), 
intestinal GIST (case 19), spindle cell squamous cell car-
cinoma (case 41), leiomyoma (case 43), and IMT/pseudo-
sarcomatous myfibroblastic proliferation (PMP) (case 46). 
Episodes of double recurrence were observed in desmoid 
fibromatosis (case 12) and sarcomatoid urothelial carci-
noma (case 13). One reactive lesion, classified as infective 
IPT (case 31), also presented a recurrence. The overall odds 
of recurrence were 0.6 in the neoplastic group and 0.048 
in the reactive group. The OR for recurrence (12.6) was 
statistically significant at the 95% confidence level (95% 
CI: 1.44–10.32, p = 0.022), calculated based on method de-
scribed by Tenny et al.25 Four patients died following local 
recurrence, including those with anaplastic meningioma 
(case 9), desmoid-type fibromatosis (case 12), intestinal 
GIST (case 19), and infective IPT (case 31).

Patients diagnosed with IMTs survived until the end 
of the study with observation periods lasting between 1 
and 8 years. Recurrence was noted in only 1 IMT with 

the EML4-ALK fusion gene (case 1), occurring 1 year after 
the initial surgery. No distant metastases were observed 
during the follow-up period.

Clinicopathological relation

Histopathological features and local recurrence

Ganglion-like cells were identified in specimens from 
3 patients with recurrent neoplastic tumors (Table 4), in-
cluding anaplastic meningioma of the right occipital region 
(case 9), desmoid fibromatosis of the right axillary region 
(case 12) and sarcomatoid urothelial carcinoma of the uri-
nary bladder (case 13) (Fig. 6).

The OR for the presence of nuclear atypia in the group with 
recurrent disease compared to the non-recurrent group was 
12, which was statistically significant at the 5% level (95% CI: 
2.14–67.24, p = 0.005), calculated using the method described 
by Tenny et al.25 This suggests that nuclear atypia is associ-
ated with an adverse prognosis and an increased risk of dis-
ease recurrence. Four cases showed severe nuclear atypia 
(Table 4). Three of them, anaplastic meningioma of the right 
occipital region (case 9), sarcomatoid urothelial carcinoma 
of the urinary bladder (case 13) and spindle cell squamous 
cell carcinoma of the larynx (case 41), presented recurrence. 
One patient with angiosarcoma of the ileum (case 15) died 
within 3 days after the operation. Desmoid fibromatosis 
(case 12) presented moderate atypia and recurred twice.

Table 4. Collective description of histological features of recurrent lesions during the study

Case 
num-

ber
Location Final diag-

nosis
Pat-
tern

Gangli-
on-like 

cells

Atyp-
ia

Ne-
crosis

Mitotic 
activ-

ity

Inflamma-
tory infiltrate 

intensity

Dominating 
inflamma-
tory cells

Recur-
rence

Period 
of obser-

vation
Death

1
external 

nose
IMT C (−) mild 10% (−) severe histiocytes 1 year 7 years no

6
right frontal 

sinus
granular cell 

tumor
C (−) none none (−) severe lymphocytic 6 years 13 years no

9
right occipi-

tal region
anaplastic 

meningioma
mixed (+)

se-
vere

40%
20/10 
HPF

mild lymphocytic 4 months
1 year 

4 months
yes

12
right axillary 

region
desmoid 

fibromatosis
C (+)

mod-
erate

40%
1/10 
HPF

moderate histiocytes
1st:1 year, 

2nd: 
6 years

6 years yes

13
urinary 
bladder

sarcomatoid 
urothelial 
carcinoma

C (+)
se-

vere
10%

19/10 
HPF

mild mixed

1st: 
1 month, 

2nd: 
2 months

7 years no

19
small intes-

tine
GIST ↑ (−) mild 3%

1/10 
HPF

mild lymphocytic 2 years 2 years yes

31 left orbit infective IPT C (−) mild 10% (−) severe mixed 6 months 2 years yes

41 larynx
spindle cell 

squamous cell 
carcinoma

mixed (−)
se-

vere
10%

6/10 
HPF

moderate neutrophils 6 months 1 year no

43 mesentery leiomyoma ↑/C (−) none none (−) moderate lymphocytic 1 month 2 years no

46
urinary 
bladder

IMT/PMP C (−) mild 40%
1/10 
HPF

mild neutrophils 1 month 12 years no

↑ – hypocellular; (−) – absent; C – classical; IMT – inflammatory myofibroblastic tumor; IPT – inflammatory pseudotumor; HPF – high-power fields; 
PMP – pseudosarcomatous myofibroblastic proliferation.
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An increased mitotic rate (>5 mitoses per 10 high-power 
fields) was observed in 3 recurrent cases: anaplastic menin-
gioma (case 9), sarcomatoid urothelial carcinoma (case 13) 
and spindle cell squamous cell carcinoma (case 41). Recur-
rence occurred in all 3 cases within 6 months (Table 4). Sta-
tistical analysis using the Mann–Whitney U test (U = 269, 
p = 0.002) revealed a significant difference in mitotic index 
values between recurrent lesions (mean: 4.8/10 HPF) and 
non-recurrent lesions (mean: 0.17/10 HPF), confirming 
statistical significance at the 5% level (Fig. 7).

Although no statistically significant relationship was 
found between necrosis and recurrence, the necrosis per-
centage differed significantly between patients who died 
during the study and patients who survived. It was assessed 
using the Mann–Whitney U test (U = 253, p = 0.043), which 
showed a statistically significant difference between 1st 
(arithmetic mean: 22.3%) and 2nd group (arithmetic mean: 
12.14%) at the 95% CI (Fig. 8).

Genetic alterations and local recurrence

Disease recurrence was observed in 6 patients with iden-
tified genetic alterations (Tables 2,3). One IMT (case 1) 

harbored a fusion gene EML4-ALK and benign or uncer-
tain mutations in the MET and RET genes. However, recur-
rences were not observed in case with other fusion genes. 
A recurrence was noted in intestinal GIST (case 19), which 
presented a likely pathogenic substitution in the MET gene. 
Four additional cases with genetic alterations of uncertain 
significance also experienced relapses. Notably, desmoid 
fibromatosis (case 12) and sarcomatoid urothelial carci-
noma (case 13), both with genes of unknown significance, 
exhibited double recurrence during the follow-up period.

Diagnosis correctness verification

Following final diagnosis verification, patients were cate-
gorized into neoplastic and inflammatory groups (Table 5). 
Diagnostic accuracy for neoplasms was highly satisfactory 
with a sensitivity of 0.708, specificity of 0.818, accuracy 
of 0.761, precision of 0.81, and an F1 score of 0.756. Neo-
plastic lesions were subsequently classified into specific 
nosological entities. However, diagnostic performance 
for IMT was significantly lower with a sensitivity of 0.6, 
specificity of 0.537, accuracy of 0.543, precision of 0.136, 
and an F1 score 0.222 (Table 6, Fig. 9).

Fig. 6. Ganglion-like cells (blue arrows) – hematoxylin and eosin (H&E) staining. A. Anaplastic meningioma of the right occipital region (case 9), ×1000 
magnification; B. Desmoid fibromatosis of the right axillary region (case 12), ×1000 magnification; C. Sarcomatoid urothelial carcinoma of the urinary 
bladder (case 13), ×630 magnification

Fig. 7. Histogram (left) depicts the distribution of mitoses among recurrent (blue) and non-recurrent lesions (grey). The arithmetic mean values ​​are marked 
with vertical lines. Axes: abscissa – intervals of mitotic index values in the histopathological slides: [0/10HPF–5/10HPF), [5/10HPF–10/10HPF), [10/10HPF–
15/10HPF), [15/10HPF–20/10HPF), and [20/10HPF–25/10HPF]; ordinate – number of cases. Individual value plot (right) shows a dot for the actual value 
of each observation in both groups. The median values ​​are marked with squares. Axes: abscissa – group of cases (blue: recurrent, grey: non-recurrent); 
ordinate – mitotic index values

HPF – high-power fields.
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Discussion

Inflammatory spindle cell lesions appear to represent 
an  artificial and heterogeneous group of  entities, and 
the term is rarely used in contemporary literature. Many 
distinct diseases can be differentiated from within this 

category.1,2,26–28 Establishing an accurate diagnosis is ex-
tremely challenging and requires clinicopathological cor-
relation, genetic testing and considerable time, as also dem-
onstrated by the findings of this study. Moreover, making 
a definitive diagnosis without ancillary tests is nearly impos-
sible, as noted in previous reports.13,19,29,30 Unfortunately, 
such diagnostic tools are typically available only in highly 
specialized medical centers. Therefore, the term “inflam-
matory spindle cell lesion” may be appropriately used in pa-
thology departments with limited diagnostic resources, 
where molecular techniques are unavailable. However, 
the final diagnosis should ideally be confirmed in special-
ized soft tissue pathology centers using molecular assays.

Entities from the ISCL group are a rare occurrence, mak-
ing it difficult to collect a sufficient number of cases to 
standardize research protocols.20 In this study, we aimed 
to gather as many tumors as possible and successfully 
included 46 cases. Inflammatory myofibroblastic tumor 
(IMT) remains the  most representative entity within 
the ISCL spectrum,1 which is why our focus was placed 
on  investigating tyrosine kinase gene rearrangements. 
The final diagnosis of IMT requires a typical histopath-
ological image and the presence of certain fusions. De-
tection of tyrosine kinase gene fusions using FISH, PCR 
or NGS plays a crucial role in confirming the diagnosis 
and assessing the prognosis of IMT.20,31 However, only 
NGS can provide comprehensive information about novel 
fusion genes.32–34

Interestingly, our cohort was predominantly composed 
of middle-aged and older adults, which contrasts with 
the typical age distribution reported for IMT in the ex-
isting literature.20 As the population ages, the prevalence 
of certain diseases increases, some of which can be severe 
and contribute to higher mortality. In older populations, 
comparing local recurrence rates is more relevant, as re-
currence appears to be influenced by the final pathological 
diagnosis, anatomical location and type of surgical re-
section. Literature supports an association between these 
factors and local recurrence.35

Table 5. Quantity of diagnosed entities

Neoplastic lesions Number

Inflammatory myofibroblastic tumor 5

Inflammatory fibroid polyp 4

Leiomyoma 1

Plexiform fibromyxoma 1

Gastrointestinal stromal tumor 1

Desmoid fibromatosis 1

Solitary fibrous tumor 1

Fibroma 1

Angiosarcoma 1

Neurofibroma 1

Anaplastic meningioma 1

Submucosal fibrosis 1

Sarcomatoid urothelial carcinoma 1

Spindle cell squamous cell carcinoma 1

Granular cell tumor 1

Langerhans cell histiocytosis 1

Plasma cell myeloma 1

Reactive lesions

IPT, not otherwise specified 12

Infective IPT 4

IPT associated with a neoplasm 2

IPT – wall of aneurysm 1

Xanthogranulomatous pyelonephritis 1

Chronic dacryoadenitis 1

Ischemic fasciitis 1

IPT – inflammatory pseudotumor.

Fig. 8. Histogram (left) depicts the distribution of necrosis among patients who died (blue) and survived (grey) in the analyzed period. The arithmetic 
mean values ​​are marked with vertical lines. Axes: abscissa – necrosis percentage intervals in the histopathological slides: [0%–20%), [20%–40%), [40%–60%), 
[60%–80%), and [80%–100%]; ordinate – number of cases. Individual value plot (right) shows a dot for the actual value of each observation in both groups. 
The median values are marked with squares. Axes: abscissa – groups of patients (blue: who died, grey: who survived); ordinate – necrosis percentage
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In this study, primary histopathological diagnoses were 
compared to final diagnoses, which were based on clinical 
and paraclinical data. The results indicate that histopatho-
logical diagnostics are highly satisfactory for distinguish-
ing between neoplastic and reactive lesions. However, 
primary recognition of IMT was inconsistent with the fi-
nal diagnosis. The low values of precision, F1 score and 
sensitivity highlight the risk of diagnostic inaccuracies, 
even within academic medical centers. This aligns with 
prior publications highlighting the risk of misdiagnosis 
in histopathological evaluation of ISCLs.10,36–41 Our find-
ings underline the prevalence of this problem.

In IMT histopathological slides, the presence of inter-
cellular mucus, ganglion-like cells, giant cells, necrosis, 
increased mitotic activity, and high cellularity are con-
sidered adverse prognostic factors.3,42 In this study, local 
recurrences were observed in other neoplastic ISCLs con-
taining ganglion-like cells, nuclear atypia and increased 
mitotic activity (Table 4). Statistical analysis revealed that 
the OR of these histological features significantly separated 
neoplastic from reactive groups within a 95% CI. Although 
no association was found between tissue pattern, necro-
sis or inflammatory infiltrate intensity and local recur-
rence as prognostic factors, a higher estimated necrosis 
percentage was observed in patients who died compared 
to those who survived with the difference being statisti-
cally significant. Thus, the presence of ganglion-like cells, 
nuclear atypia, increased mitotic activity, and necrosis 
should be noted in pathological reports as negative prog-
nostic factors.

No relationship between genetic changes and clinical 
outcomes was identified (Tables 2,3). Consistent with 
the literature, ALK gene fusions were the most frequent,20 
present in  75% of  IMTs confirmed with sequencing 
in this study (Table 2). Only 1 neoplasm (case 4) exhibited 
an NTRK3-rearrangement and EML4-ALK fusion genes 
were detected in 2 IMTs (cases 1 and 2). This fusion gene 
has also been identified in anaplastic large cell lymphoma, 
as well as colorectal and breast cancers.43 It contributes 
to tumorigenesis by producing a transcript that includes 
the intracellular kinase domain of ALK and the trimeriza-
tion domain of EML4, enabling constitutive ALK activa-
tion through oligomerization and autophosphorylation. 
Tumors harboring this fusion are generally responsive 
to treatment with tyrosine kinase inhibitors.44

RANBP1-ALK, RANBP2-ALK and RRBP1-ALK rear-
rangements are characteristic of EIMS, a malignant IMT 
variant with an aggressive clinical course.31,45 These fu-
sions produce distinctive nuclear membrane or perinu-
clear accentuation patterns in ALK immunohistochemical 
staining.45 In case 3, the RANBP2-ALK gene was associated 
with focal nuclear membranous ALK positivity. Complete 
surgical removal of the neoplasm resulted in no recurrence 
over a 7-year follow-up period.

The ETV6 gene, a member of  the ETS transcription 
factor family, regulates gene expression by nuclear bind-
ing. NTRK genes encode tropomyosin receptor kinases, 
which are crucial for neuronal tissue development and 
functioning.17,28 The ETV6-NTRK3 fusion gene has been 
detected in several neoplasms, including ALK-negative 

Table 6. Confusion matrices of diagnosis correctness verification

Diagnosis correctness verification

Neoplasm vs other diseases IMT vs other diseases

Predicted condition actual condition Predicted condition Actual condition

Total population (n = 46) positive (n = 24) negative (n = 22) total population (n = 46) positive (n = 5) negative (n = 41)

Positive (n = 21) TP (n = 17) FP (n = 4) positive (n = 22) TP (n = 3) FP (n = 19)

Negative (n = 25) FN (n = 7) TN (n = 18) negative (n = 24) FN (n = 2) TN (n = 22)

FN – false negative; FP – false positive; IMT – inflammatory myofibroblastic tumor; TN – true negative; TP – true positive.

Fig. 9. Column chart presents 
the diagnosis correctness values 
of neoplastic lesion (blue) and 
inflammatory myofibroblastic tumor 
(IMT; red)
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IMT, congenital infantile fibrosarcoma, acute myeloblastic 
leukemia, secretory breast carcinoma, mammary analog 
secretory carcinoma of the salivary gland, papillary thy-
roid carcinoma, and congenital mesoblastic nephroma.46 
Differentiation between IMT and congenital infantile fi-
brosarcoma can be challenging, as both tumors may ex-
hibit similar behavior. Histopathological features, such 
as classical pattern, inflammatory infiltrate and patients 
age above 1 year suggest an IMT rather than congenital 
infantile fibrosarcoma.47 Both tumors may also respond 
to tyrosine kinase inhibitors, underscoring the overlap 
in their management. Histologically, the term “inflam-
matory fibrosarcoma” has even been used synonymously 
with IMT.30

In the urinary bladder, pseudosarcomatous myofibro-
blastic proliferations (PMPs) typically present grossly 
as nodular or polypoid ulcerative masses and exhibit mi-
croscopic features that closely resemble those of classical 
IMTs.48 Pseudosarcomatous myofibroblastic proliferations 
occur mainly in slightly older populations, are more cel-
lular, and have shorter cells and fewer plasma cells than 
IMTs. While PMP tends to follow a slightly more aggres-
sive course, both lesions can exhibit ALK fusions. However, 
the ALK breakpoint differs, being situated in exons 18 or 19 
for PMP and exon 20 for IMT.9 In this study, differentia-
tion between the 2 entities in case 46 was not possible due 
to low-quality RNA in the FFPE block. The histopathologi-
cal findings and ALK-positivity in immunohistochemical 

assays were consistent with both entities (Fig. 10). Treat-
ment for PMP and IMT is similar,20,48 and some authors 
consider them synonymous.49

Case 5 was ultimately diagnosed as a gastric inflam-
matory fibroid polyp containing the EGFR-PPARGC1A 
fusion gene. This rearrangement has previously been 
reported only in chronic sun exposure-related cutane-
ous squamous cell carcinoma.50 In  this case, the  fu-
sion appeared to be nonfunctional due to the absence 
of the EGFR gene promoter kinase domain (exon 20).51 
In certain IMTs, the coexistence of an EML4-ALK re-
arrangement and an  activating EGFR mutation plays 
a significant role in resistance to tyrosine kinase inhibi-
tors.44 Since the EGFR gene is located on the short arm 
of chromosome 7 and the PPARGC1A gene on the short 
arm of chromosome 4, this fusion may result from a chro-
mosomal translocation.

Indeed, IPT is thought to be a reactive lesion,1 but it can 
recur after surgical resection, especially when an incom-
plete excision is performed.51,52 Moreover, if a causative 
agent persists in the organism, the recurrence may take 
place, as a result of ineffective antibiotic therapy in infec-
tions or insufficient suppressive treatment in autoimmune 
diseases. Such a situation was also observed in this study 
(case 31). However, the OR of relapse in our neoplastic 
compared to reactive group is approx. 12.6 and statistically 
significant within the 95% CI, which suggests local relapse 
tends to be more common for neoplasms.

Fig. 10. Case 46. A. Hematoxylin and eosin (H&E) staining, ×200 magnification; B. H&E staining, ×400 magnification; C. Immunohistochemical staining 
against smooth muscle actin, ×200 magnification; D. Immunohistochemical staining against anaplastic lymphoma kinase (ALK), ×1000 magnification
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In this study, neoplasms exhibited features such as gan-
glion-like cells, atypical cells and mitoses more frequently 
than reactive lesions. Ganglion-like cells, according 
to the literature, may occur in benign,53 intermediate and 
malignant neoplasms,54 but are also found in reactive le-
sions like proliferative myositis and necrotizing fasciitis.55 
The presence of nuclear atypia is typically associated with 
a worse prognosis and is more commonly found in neo-
plastic lesions.56 In the neoplastic group, the presence 
of mitoses is associated with worse outcomes. Also, atypi-
cal mitotic figures can be found in neoplasms.57 Reactive 
lesions can also contain multiple mitoses, but are never 
atypical.58

Necrosis, calcifications and extravasated erythrocytes 
are rare in IMTs.59 Höhne et al. noted the presence of ne-
crosis both in IMTs and IPTs but did not define a differ-
entiating percentage.60 In this study, IMTs showed a sig-
nificantly higher necrosis percentage than other ISCLs, 
as confirmed using the Mann–Whitney U test. Further-
more, a higher necrosis percentage was statistically associ-
ated with increased mortality.

Certain benign non-neoplastic lesions with histopatho-
logical features, like hypercellularity, cytological atypia and 
increased mitotic activity, are classified as psuedosarco-
mas.61 Integrating clinical and paraclinical data can help 
avoid misdiagnosing inflammatory lesions as sarcomas.

Interestingly, mutations were also observed in reac-
tive lesions. While genetic clonality is a hallmark of neo-
plasms,47 clonal expansion is possible in non-cancerous 
lesions. The presence of driver mutations in these tissues 
may indicate an early tumorigenesis, which does not al-
ways progress to neoplasm development.62 Factors like ag-
ing, chronic inflammation and environmental exposures 
support clonal expansion.62,63 Neoplasm development and 
progression require the accumulation of genetic muta-
tions and epigenetic alterations, so a single change may 
not be sufficient to induce a real tumorigenesis.63 In this 
study, 82% of inflammatory lesions exhibited genetic clon-
ality, which is consistent with this theory. The number 
of functional fusion genes with frequencies above 50% and 
variants with VAF values greater than 0.5 distinguished 
neoplastic from reactive lesions using the Mann–Whitney 
U test.

Limitations

This study has several limitations: 1) all cases were di-
agnosed within a single pathology department, potentially 
limiting generalizability; 2) only cases initially diagnosed 
as IMT or IPT were included, which may have introduced 
selection bias; 3) it was not possible to retrieve all FFPE 
blocks and histological slides; and 4) a limited targeted 
NGS gene panel was used. Detailed comparisons are pro-
vided in Supplementary Table 1.

Conclusions

This study underscores the  importance of  integrat-
ing clinical and paraclinical data to achieve an accurate 
diagnosis. Prognosis is  influenced more significantly 
by the final pathological diagnosis, anatomical location 
of the lesion and completeness of surgical resection than 
by isolated histopathological or genetic findings. How-
ever, neoplastic etiology and some of the features, such 
as the presence of ganglion-like cells, nuclear atypia and 
increased mitotic activity, can occur in lesions that present 
local recurrences. The study strongly supports the theory, 
which assumes that not only neoplasms but also reactive 
diseases can present worrisome histological features, 
pathogenic mutations and genetic clonality. However, neo-
plastic ISCLs more frequently exhibited ganglion-like cells, 
nuclear atypia, elevated mitotic index, and the presence 
of functional gene rearrangements or point mutations with 
a VAF ≥ 0.5 compared to reactive lesions. Notably, both 
lesion types may recur if the underlying causative factor 
persists following excision. Among the detected functional 
gene rearrangements, the most frequent involved ALK and 
NTRK3 genes, which are considered key drivers in inflam-
matory myofibroblastic tumors.

Confirmation of tyrosine receptor kinase gene rearrange-
ments is necessary for diagnosing IMTs, which showed 
a higher necrosis percentage than other ISCLs. A higher 
necrosis percentage was also linked to increased mortality. 
In summary, this study confirms the prognostic signifi-
cance of a neoplastic diagnosis, presence of ganglion-like 
cells, nuclear atypia, elevated mitotic index, and increased 
necrosis percentage. It also highlights the diagnostic value 
of ganglion-like cells, nuclear atypia, higher mitotic activ-
ity, and functional gene rearrangements or point mutations 
with a VAF ≥ 0.5. These features should be consistently 
reported in pathology assessments to support informed 
clinical decision-making.

Supplementary data

The supplementary materials are available at https://
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the following files:

Supplementary Table 1. Full dataset of the study.
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