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Case Report
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ABSTRACT
Introduction: BRAF V600E substitution predicts sensitivity of a cancer to BRAF 

inhibitor therapy. The mutation is rarely found in soft-tissue sarcomas. Here we 
describe a case of undifferentiated spindle cell sarcoma showing primary insensitivity 
to standard chemotherapy and pronounced but non-sustained response to BRAF/MEK 
inhibitors at recurrence.

Case presentation: A 13-year-old girl was diagnosed with low-grade spindle cell 
sarcoma of pelvic localization, BRAF exon 15 double-mutated: c.1799T>A p.V600E and 
c.1819T>A p.S607T in cis-position. The tumor showed resistance to CWS-based first-
line chemotherapy and was treated surgically by radical resection. Seven months after 
surgery the patient developed metastatic relapse with abdominal carcinomatosis. 
Combined targeted therapy with BRAF/MEK inhibitors afforded complete response 
in 1 month and was continued, though complicated by severe side effects (fever, 
rash) necessitating 1–2 week toxicity breaks. After 4 months from commencement 
the disease recurred and anti-BRAF/MEK regimen consolidation was unsuccessful. 
Intensive salvation chemotherapy was ineffective. Empirical immunotherapy afforded 
a transient partial response giving way to fatal progression with massive, abdominal 
cocoon-complicated peritoneal carcinomatosis.

Conclusion: This is the first report of spindle cell sarcoma BRAF V600E/S607T 
double-mutated, responding to a combination of B-Raf and MEK inhibitors. Despite 
the low histological grade and radical surgical treatment of the tumor at primary 
manifestation, the disease had aggressive clinical course and the response to BRAF/
MEK targeted therapy at recurrence was complete but nondurable. Empirical use 
of pembrolizumab provided no unambiguous evidence on the clinical relevance of 
immunotherapy in protein kinase -rearranged spindle cell tumors.

INTRODUCTION

Undifferentiated sarcomas have unfavorable 
prognosis, as these tumors rarely harbor targetable 
aberrations and poorly respond to chemotherapy. The 
WHO Classification of Tumors, Soft Tissue and Bone 

Tumors, 5th Edition (2020) groups the undifferentiated 
sarcomas with aberrations of protein kinase-encoding 
genes into new entity termed NTRK-Rearranged Spindle 
Cell Neoplasms. The updated classification accounts 
for tumor biology rather than genome structure, as the 
clinically and pathologically distinct ETV6::NTRK3-
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rearranged infantile fibrosarcomas are regarded 
differentially. Instead, the group of NTRK-Rearranged 
Spindle Cell Neoplasms includes certain tumors driven 
by non-NTRK receptor and cytoplasmic kinases 
constitutively activated through genetic aberrations [1–3].

BRAF gene encodes a cytoplasmic serine-threonine 
kinase B-Raf constitutively activated in many cancers of 
various localization and histogenesis. BRAF-rearranged/
mutated cases constitute 7% in cancer epidemiology. 
The most studied pathogenic variant BRAF V600E is 
found in all cases of hairy cell leukemia, up to 60% of 
skin melanomas and thyroid papillary carcinomas, and up 
to 10% of colorectal cancers. The prevalence of BRAF-
mutated cases among soft-tissue neoplasms is tumor-
specific, estimated as high as 15–20% for malignant 
peripheral nerve sheath tumors [4] and as low as 0.5–9% 
for undifferentiated sarcomas [5, 6].

In 2022, the US Food and Drug Administration 
(FDA) granted an accelerated approval to dabrafenib in 
combination with trametinib for unresectable or metastatic 
solid tumours with BRAF V600E mutation in patients 
older than 6 years having progression after prior treatment 

and no satisfactory alternative treatment options [7]. 
Several clinical cases of successful targeted therapy (TT) 
in patients with BRAF V600E-positive sarcomas have 
been published [8–16].

Here we describe a low-grade spindle cell sarcoma 
with double-mutated BRAF exon 15: c.1799T>A and 
c.1819T>A in cis-position, corresponding to V600E and 
S607T amino acid substitutions. Of note, the tumor tested 
as B-Raf V600E immunonegative (probably due to the 
second, neighboring S607T substitution) which interfered 
with the diagnostic algorithm and prioritized the role of 
molecular data in the ultimate diagnosis verification.

CASE PRESENTATION

A 13-year-old girl experienced paroxysmal 
abdominal pains increasing in dynamics and accompanied 
by hyperthermia. Laparotomy for suspected acute 
appendicitis revealed a large pelvic tumor protruding 
from the anterior abdominal wall and reaching 10 cm 
in diameter (Figure 1). A scanty biopsy of the tumor 
entailed a preliminary diagnosis of rhabdomyosarcoma. 

Figure 1: A multislice computed tomography of the original tumor. The image shows a distinctly outlined, moderately contrast-
accumulating entity in the pelvic cavity at L5-S4 spinal level, without clear organ affiliation, causing displacement of adjacent structures.
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Examination revealed no signs of distant metastasis. After 
2 courses of chemotherapy under CWS-2009 protocol 
(vincristine, doxorubicin, dactinomycin, ifosfamide) the 
neoplasm increased in volume from 581 cm3 to 757 cm3.

Due to the lack of response and adverse dynamics, it 
was decided to perform surgical resection of the neoplasm 
by low-transverse laparotomy. The intraoperatively 
visualized 13 × 12 × 10 cm tumor of bumpy appearance 
was adherent to the anterior abdominal wall, most likely 
originating from it, showing no clear signs of infiltrative 
growth at other surfaces. The tumor was removed by 
radical resection.

Morphological examination revealed a mass of 
small-to-medium spindle-shaped tumor cells forming 
compact patterns and short disordered fascicles in loose, 
locally edematous, fibrous stroma. Cell nuclei ovoid, 
regularly shaped, containing rough, unevenly dispersed 
chromatin and solitary irregular nucleoli; the cytoplasm 
unipolar, filamentous, homogeneous. The mitotic activity 
was low; specific features included adipose clusters 
within the tumor mass and abundant, relatively large 
blood vessels with hyalinosis zones at the periphery. The 
tumor was separated from surrounding tissues by thin 
pseudocapsule.

The sum of morphological features (spindle cell 
morphology, low cellularity and low-grade appearance, 

with adipose component and characteristic vascular 
patterns) entailed a suspected diagnosis of ‘spindle cell 
tumor with aberration in protein-kinase gene complex’. 
Such tumors are typically driven by NTRK rearrangements 
or BRAF V600E substitutions, immunohistochemically 
verified as positivity for corresponding protein markers. 
Meanwhile, immunohistochemical tests for TRK and 
B-Raf V600E, as well as EMA, MyoD1, Myogenin, 
CD117, DOG1 and STAT6, were negative (Figure 2A, 2B).

High-throughput sequencing of DNA isolated from 
the tumor and specifically enriched for putative oncogenic 
drivers and markers of solid tumors in children (the 
QIAseq customized panel protocol; Qiagen, Germany) 
revealed somatic double mutation in BRAF exon 15 
(RefSeq NM_004333.6): c.1799T>A: p.V600E with 31% 
variant allele frequency (VAF) and c.1819T>A: p.S607T 
with 32% VAF in cis-position (Figure 2C, 2D).

In view of the lack of response to first-line 
chemotherapy, the low histological grade of the tumor and 
the radical surgical treatment, the patient was discharged 
under observation. However, 7 months after surgery the 
patient started to experience abdominal pains and increase 
in abdominal circumference. MRI scans of abdominal and 
pelvic organs revealed peritoneal carcinomatosis with 
solid nodules and ascites indicating violent relapse of the 
disease (Figure 3A–3D).

Figure 2: Morphological and genetic findings. (A, B) Representative histological images, H&E, ×50 (A) and ×200 (B), showing 
short fascicles of spindle-shaped tumor cells with large ovoid nuclei, fibrous stroma with diffuse focal myxomatosis, small adipose clusters 
and signs of perivascular lymphoid infiltration. (C, D) Two closely spaced missense mutations identified in BRAF exon 15: (C) Schematic 
representation of B-Raf protein structure (SwissModel) with amino acid substitutions at positions 600 and 607 of the polypeptide shown 
in red and orange, respectively; (D) an IGV screenshot demonstrating BRAF mutations c.1799T>A p.V600E and c.1819T>A; p.S607T in 
cis-position.
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A combination TT of vemurafenib 960 mg 
twice + trametinib 2 mg twice, daily, was commenced 
immediately. The choice of trametinib as MEK inhibitor 
was determined by unavailability of cobimetinib at the 
time of the treatment initiation. The therapy resolved 
the symptoms of ascites within 1 week and afforded 
complete regression of carcinomatosis and peritoneal foci 
as assessed by MRI 1 month from commencement. The 
dynamics amounted to complete therapeutic response; 
however, after 2 months the patient developed severe side 
effects (fever, diarrhea syndrome) necessitating regular 
toxicity breaks in the regimen for up to 7 days. Despite 
switching to a milder combination of dabrafenib 300 mg 
+ trametinib 2 mg, daily, the toxicity persisted in the form 
of febrile fever with rash, necessitating toxicity breaks 
for up to 7 days and 25–50% reduction of doses for both 
components.

Eventually, the response was lost, as indicated by 
signs of ascites and carcinomatosis in control MRI 4 
months from commencement. After the last toxicity break 
the regimen was consolidated to full doses, bringing 
alleviation of clinical symptoms (pain relief, reduction 
of abdominal circumference) in 2 weeks; however, in 2.5 
weeks the patient developed fever, diarrhea, leukopenia 
and left-sided hydrothorax of about 1 liter requiring 
drainage of the pleural cavity. The inflammatory marker 
tests were negative; cytological examination and flow 
cytometry revealed no tumor cells in the evacuated 
pleural effusions; the hydrothorax was non-recurring and 
effectively resolved by the drainage. The complications 
were identified as treatment-related toxicity (of trametinib 
in particular); TT was discontinued and replaced with 

dexamethasone, 2 mg twice daily. Two days after TT 
discontinuation the toxicity symptoms subsided, which 
allowed resumption of TT with trametinib doses reduced 
to 50%, and no severe toxicity symptoms were further 
encountered.

The modified regimen afforded partial response; 
but after 1 month, MRI showed a soft-tissue nodule in 
the anterior abdominal wall, indicating carcinomatosis 
progression. Repeated surgical treatment/biopsy was 
contraindicated in connection with second-degree АВ-
blockade developed by the patient. The ascites fluid was 
cytologically clear of tumor cells, but contained cell-
free tumor DNA BRAF V600E-mutated (VAF = 47%) 
as measured by digital droplet PCR tests, whereas cell-
free DNA circulating with peripheral blood contained the 
mutant allele at VAF = 1.6% (Figure 4).

Salvage chemotherapy (carboplatin 200 mg/m2/day 
4 days, etoposide 100 mg/m2/day 4 days) was ineffective, 
as the clinical signs of carcinomatosis continued to 
aggravate. In view of the lack of other options the 
regimen was switched to empirical immunotherapy with 
pembrolizumab 2 mg/kg + pazopanib 800 mg daily. Two 
courses of pembrolizumab afforded positive dynamics: 
82% reduction of the nodule at 0.27% BRAF V600E allele 
frequency in circulating cell-free DNA. The 3rd course 
of pembrolizumab afforded clearance of the mutant allele 
from the cell-free circulating fraction; however, after 
the 4th course the abdominal carcinomatosis progressed 
against 14% reduction of the tumor nodule and cell-free 
mutant allele copies started to circulate with the blood 
(VAF = 0.95%). The patient underwent laparotomy 
revealing a massive adhesion process encompassing 

Figure 3: Peritoneal carcinomatosis during disease progression on immunotherapy. (A) T1 weighted image (WI), contrast-
enhanced, axial plane; (B) DWI (b = 1000 c/mm2), axial plane; (C) T1WI contrast-enhanced, coronal plane; (D) T2WI STIR, axial plane; 
uneven thickening of the peritoneum against the background of ascites, visualized by contrasting, restricted diffusion; (E) intraoperative 
biopsy of the thickened peritoneum; (F) intraoperative view of the abdominal cocoon-encapsulated colon.
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the entire visceral peritoneum with abdominal cocoon 
formation and parietal layer thickening up to 1 cm (Figure 
3E, 3F). Histological examination revealed vital tumor 
tissue in the parietal peritoneum, histologically identical 
to the original tumor. The therapy was discontinued. One 
month later the patient died of disease progression.

DISCUSSION

The prevalence of particular molecular driver 
events is known to depend on cancer type. BRAF 
V600E substitutions are typical for a variety of cancers 
including skin melanoma, but rarely found in sarcomas 
[17, 18]. Among soft-tissue cancers, this pathogenic 
variant is found in 12–20% of malignant peripheral nerve 
sheath tumors and estimated 3.5–13.5% of primary KIT/
PDGFRA wild-type gastrointestinal stromal tumors 
[19, 20]. Activating genetic events in BRAF (missense 
substitutions, rearrangements) have been also described in 
infantile fibrosarcomas and tumors classified as NTRK-
Rearranged Spindle Cell Neoplasms by the 5th Edition of 
the WHO Classification of Tumors (2020) [21, 22].

A low-differentiated soft-tissue tumor composed 
of spindle-shaped cells can be difficult to differentially 
diagnose from metastatic melanoma. These neoplasms 
are morphologically similar, with the likely fusiform 
cell shapes and possible lack of immunohistochemical 
determinants of melanocytic differentiation in melanoma 
metastases. Accordingly, BRAF-mutated soft-
tissue sarcomas are often mistaken for metastases of 
dedifferentiated (nonpigmented) melanoma [23].

The current case of undifferentiated sarcoma in 
adolescent was diagnostically challenging as its BRAF 
V600E-positive mutation status was not accompanied by 
corresponding immunopositivity. Such BRAF double-
mutated cases are rare and corresponding clinical details 
are missing. The rare S607T substitution was previously 
reported in a unique case of colorectal cancer [24] and 
its pathogenic role is uncertain, whereas BRAF V600E 
is a canonical driver event of tumorigenesis. The lack of 
immunoreactivity with the B-Raf V600E mutation-specific 

antibody can be explained by altered conformation of the 
protein conferred by the extra amino acid substitution, 
S607T, in the vicinity of position 600.

The current case of spindle cell soft-tissue sarcoma 
exemplifies a misleading incongruence between the low-
grade histological appearance of the tumor and its recurrent 
violent progression with peritoneal dissemination. Many 
low-grade sarcomas are chemo- and radiation therapy-
resistant, but spontaneous growth rates of such tumors 
are usually low. In the global clinical experience, the 
use of TRK inhibitors in children and young adults with 
NTRK-rearranged spindle cell tumors afford a prompt and 
durable response in up to 96% of the cases [25–27]. The 
rapid development of resistance to BRAF/MEK inhibitors 
in the current case may be associated with BRAF S607T 
as a primary resistance factor supporting the constitutive 
activity of B-Raf V600E. This suggestion is indirectly 
supported by ambiguous pathogenic significance of the 
S607T substitution revealed in silico.

On the other hand, BRAF-mutated melanomas 
typically develop resistance to targeted monotherapy 
with B-Raf inhibitors within 1 year from commencement, 
and some of them are primarily resistant to the drugs 
(vemurafenib, dabrafenib) [28, 29]. There are multiple 
routes of tumor resistance to B-Raf inhibition, involving 
about a dozen specific mechanisms, and several routes can 
develop simultaneously in one patient.

Current clinical standards for BRAF-mutated 
melanoma use a combination of B-Raf and MEK 
inhibitors. According to substantive high-quality evidence 
from randomized comparative studies, this combination 
prolongs both progression-free and overall survival rates 
compared with B-Raf inhibitor monotherapy [30–32]. Of 
note, patients with melanoma progression against B-Raf 
inhibitor monotherapy may benefit from a combination of 
B-Raf/MEK inhibitors [33], while anti-MEK monotherapy 
against the background of anti-B-Raf TT resistance is non-
efficacious. Despite the two-point inhibition of the RAS-
RAF-MEK signaling cascade at the level of mutation-
activated B-Raf and the downstream MEK proteins, the 
majority of patients develop resistance to vemurafenib + 

Figure 4: Overall treatment/monitoring timeline with a plot showing the circulating cell-free tumor DNA dynamics 
during immunotherapy.



Oncotarget498www.oncotarget.com

cobimetinib and dabrafenib + trametinib combinations 
within 3 years. The mechanisms of resistance to combined 
anti-B-Raf/MEK regimens are similar to those described 
for anti-B-Raf monotherapy and involve mutations in 
MEK genes (MAP2K1, MAP2K2, etc.) and BRAF 
amplifications [34]. In the current clinical case, the patient 
repeatedly responded to anti-B-Raf/MEK TT, albeit the 
second response was partial and extremely transient.

The paradigm of non-efficacy of immunotherapy 
in soft-tissue sarcomas was challenged over the recent 
5 years, as certain histological types of sarcoma were 
shown to respond to the immune checkpoint inhibition. 
Alveolar sarcomas were shown to respond to atezolizumab 
in one-third of the cases; the protocol was approved for 
clinical use in 2022. In SARC028 multicenter phase II 
study, pembrolizumab showed clinical efficacy against 
undifferentiated pleomorphic sarcoma and pleomorphic 
liposarcoma in 23% and 10% of the cases, respectively 
[35].

The clinical presentation of abdominal cocoon aka 
idiopathic or primary sclerosing encapsulating peritonitis 
is rather untypical for carcinomatosis. Abdominal 
cocoon is a multifactorial clinical phenomenon classified 
into primary (idiopathic, causative event unknown) 
and secondary (caused by peritoneal dialysis, chronic 
abdominal/pelvic inflammation, tuberculosis, sarcoidosis 
or autoimmune conditions, as well as B-blocker or 
chemotherapy complications) [36, 37]. The uniform 
thickening of parietal and visceral peritoneal layers 
accompanied by massive adhesion process was observed 
intraoperatively. Specific carcinomatous nature of these 
changes was confirmed histologically.

CONCLUSIONS

This is the first report of spindle cell sarcoma 
BRAF V600E/S607T double-mutated, responding to a 
combination of B-Raf and MEK inhibitors. Despite the 
low histological grade and radical surgical treatment of the 
tumor at primary manifestation, the disease had aggressive 
clinical course and the response to BRAF/MEK targeted 
therapy administered at recurrence was complete but 
nondurable.

The case demonstrates the urgency of comprehensive 
tumor DNA/RNA testing for verification of the diagnosis 
and selection of targets for molecular-oriented therapy. TT 
administered in accordance with identified predictive marker 
had prompt and profound effects amounting to complete 
therapeutic response. However, the emerging resistance, 
apparently backed by toxicity breaks in the regimen, 
led to eventual loss of therapeutic response and violent 
progression. Consolidation of TT regimen provided an 
extremely transient partial response of the recurrent tumor. 
Empirical use of pembrolizumab provided no unambiguous 
evidence on the clinical relevance of immunotherapy in 
protein kinase - rearranged spindle cell tumors.

Data availability statement

The original contributions presented in the study 
are included in the article/supplementary material, further 
inquiries can be directed to the corresponding author.

AUTHOR CONTRIBUTIONS

KS, DL and AD: conceptualized and drafted the 
initial manuscript. KS, IS, DK, RA, NU and AD: paper 
compilation and research. NK prepared MRI and CT 
scans pictures. AK, GN, DL and AD supervised the study. 
All authors contributed to the article and approved the 
submitted version.

CONFLICTS OF INTEREST

The authors declare that the research was conducted 
in the absence of any commercial or financial relationships 
that could be construed as a potential conflict of interest.

ETHICAL STATEMENT

This study was approved by the Independent Ethics 
Committee of the National Research Center for Pediatric 
Hematology, Oncology and Immunology named after 
Dmitry Rogachev of the Ministry of Health of the Russian 
Federation (protocol # № 5э/8-24 от 25.06.2024). 

CONSENT

Written informed consent was obtained from the 
legal representatives for the publication of any potentially 
identifiable images or data included in this article.

FUNDING

Molecular-genetic study was funded by the 
Foundation for support and development in the field of 
pediatric hematology, oncology and immunology “Science 
for Children”.

REFERENCES

1. WHO classification of tumor editorial board. Soft Tissue 
and Bone Tumours. International Agency for Research on 
Cancer. 2020; 3:240–42.

2. Brčić I, Godschachner TM, Bergovec M, Igrec J, Till 
H, Lackner H, Scheipl S, Kashofer K, Brodowicz T, 
Leithner A, Szkandera J, Liegl-Atzwanger B. Broadening 
the spectrum of NTRK rearranged mesenchymal tumors 
and usefulness of pan-TRK immunohistochemistry for 
identification of NTRK fusions. Mod Pathol. 2021; 
34:396–407. https://doi.org/10.1038/s41379-020-00657-x. 
[PubMed]

https://doi.org/10.1038/s41379-020-00657-x
https://pubmed.ncbi.nlm.nih.gov/32860002


Oncotarget499www.oncotarget.com

 3. Nozzoli F, Lazar AJ, Castiglione F, Campanacci DA, 
Beltrami G, De Logu F, Caporalini C, Massi D, Roviello G. 
NTRK Fusions Detection in Paediatric Sarcomas to Expand 
the Morphological Spectrum and Clinical Relevance of 
Selected Entities. Pathol Oncol Res. 2022; 28:1610237. 
https://doi.org/10.3389/pore.2022.1610237. [PubMed]

 4. Hirbe AC, Pekmezci M, Dahiya S, Apicelli AJ, Van Tine 
BA, Perry A, Gutmann DH. BRAFV600E mutation in 
sporadic and neurofibromatosis type 1-related malignant 
peripheral nerve sheath tumors. Neuro Oncol. 2014; 
16:466–67. https://doi.org/10.1093/neuonc/not248. 
[PubMed]

 5. Thomas RK, Baker AC, Debiasi RM, Winckler W, 
Laframboise T, Lin WM, Wang M, Feng W, Zander T, 
MacConaill L, Lee JC, Nicoletti R, Hatton C, et al. High-
throughput oncogene mutation profiling in human cancer. 
Nat Genet. 2007; 39:347–51. https://doi.org/10.1038/
ng1975. [PubMed]

 6. Davies H, Bignell GR, Cox C, Stephens P, Edkins S, Clegg 
S, Teague J, Woffendin H, Garnett MJ, Bottomley W, Davis 
N, Dicks E, Ewing R, et al. Mutations of the BRAF gene 
in human cancer. Nature. 2002; 417:949–54. https://doi.
org/10.1038/nature00766. [PubMed]

 7. Moein A, Langenhorst J, Plan EL, Jin JY, Kågedal M, 
Kassir N. A disease model predicting placebo response and 
remission status of patients with ulcerative colitis using 
modified Mayo score. Clin Transl Sci. 2023; 16:2310–22. 
https://doi.org/10.1111/cts.13632. [PubMed]

 8. Falchook GS, Trent JC, Heinrich MC, Beadling C, Patterson 
J, Bastida CC, Blackman SC, Kurzrock R. BRAF mutant 
gastrointestinal stromal tumor: first report of regression 
with BRAF inhibitor dabrafenib (GSK2118436) and whole 
exomic sequencing for analysis of acquired resistance. 
Oncotarget. 2013; 4:310–15. https://doi.org/10.18632/
oncotarget.864. [PubMed]

 9. Kaplan HG. Vemurafenib treatment of BRAF V600E-
mutated malignant peripheral nerve sheath tumor. J 
Natl Compr Canc Netw. 2013; 11:1466–70. https://doi.
org/10.6004/jnccn.2013.0173. [PubMed]

10. Michonneau D, Kaltenbach S, Derrieux C, Trinquand A, 
Brouzes C, Gibault L, North MO, Delarue R, Varet B, 
Emile JF, Brousse N, Hermine O. BRAF(V600E) mutation 
in a histiocytic sarcoma arising from hairy cell leukemia. 
J Clin Oncol. 2014; 32:e117–21. https://doi.org/10.1200/
JCO.2013.49.0078. [PubMed]

11. Idbaih A, Mokhtari K, Emile JF, Galanaud D, Belaid H, 
de Bernard S, Benameur N, Barlog VC, Psimaras D, 
Donadieu J, Carpentier C, Martin-Duverneuil N, Haroche 
J, et al. Dramatic response of a BRAF V600E-mutated 
primary CNS histiocytic sarcoma to vemurafenib. 
Neurology. 2014; 83:1478–80. https://doi.org/10.1212/
WNL.0000000000000880. [PubMed]

12. Park BM, Jin SA, Choi YD, Shin SH, Jung ST, Lee JB, Lee 
SC, Yun SJ. Two cases of clear cell sarcoma with different 
clinical and genetic features: cutaneous type with BRAF 

mutation and subcutaneous type with KIT mutation. Br J 
Dermatol. 2013; 169:1346–52. https://doi.org/10.1111/
bjd.12480. [PubMed]

13. Protsenko SA, Semionova AI, Komarov YI, Aleksakhina 
SN, Ivantsov AO, Iyevleva AG, Imyanitov EN. BRAF-
mutated clear cell sarcoma is sensitive to vemurafenib 
treatment. Invest New Drugs. 2015; 33:1136–43. https://
doi.org/10.1007/s10637-015-0280-0. [PubMed]

14. Zhukov N, Mareeva Y, Konovalov D, Druy A, Grachev 
N, Litvinov D. Potentially Curative Targeted Therapy for 
Undifferentiated High-Grade Sarcoma Developing After 
Malignant Transformation of a BRAF V600E-Mutated 
Ameloblastic Fibroma. JCO Precis Oncol. 2019; 3:1–6. 
https://doi.org/10.1200/PO.19.00282. [PubMed]

15. Saijo K, Imai H, Katayama H, Fujishima F, Nakamura K, 
Kasahara Y, Ouchi K, Komine K, Shirota H, Takahashi 
M, Ishioka C. BRAF and MEK Inhibitor Treatment for 
Metastatic Undifferentiated Sarcoma of the Spermatic 
Cord with BRAF V600E Mutation. Case Rep Oncol. 2022; 
15:762–69. https://doi.org/10.1159/000526018. [PubMed]

16. Watanabe S, Shimomura A, Kubo T, Sekimizu M, Seo T, 
Watanabe SI, Kawai A, Yamamoto N, Tamura K, Kohno 
T, Ichikawa H, Yoshida A. BRAF V600E mutation is a 
potential therapeutic target for a small subset of synovial 
sarcoma. Mod Pathol. 2020; 33:1660–68. https://doi.
org/10.1038/s41379-020-0530-3. [PubMed]

17. Liu H, Nazmun N, Hassan S, Liu X, Yang J. BRAF mutation 
and its inhibitors in sarcoma treatment. Cancer Med. 2020; 
9:4881–96. https://doi.org/10.1002/cam4.3103. [PubMed]

18. Rekhi B, Kosemehmetoglu K, Tezel GG, Dervisoglu S. 
Clinicopathologic features and immunohistochemical 
spectrum of 11 cases of epithelioid malignant peripheral 
nerve sheath tumors, including INI1/SMARCB1 results and 
BRAF V600E analysis. APMIS. 2017; 125:679–89. https://
doi.org/10.1111/apm.12702. [PubMed]

19. Agaimy A, Terracciano LM, Dirnhofer S, Tornillo L, 
Foerster A, Hartmann A, Bihl MP. V600E BRAF mutations 
are alternative early molecular events in a subset of KIT/
PDGFRA wild-type gastrointestinal stromal tumours. J 
Clin Pathol. 2009; 62:613–16. https://doi.org/10.1136/
jcp.2009.064550. [PubMed]

20. Nannini M, Urbini M, Astolfi A, Biasco G, Pantaleo MA. 
The progressive fragmentation of the KIT/PDGFRA wild-
type (WT) gastrointestinal stromal tumors (GIST). J Transl 
Med. 2017; 15:113. https://doi.org/10.1186/s12967-017-
1212-x. [PubMed]

21. Kallen ME, Hornick JL. The 2020 WHO Classification: 
What’s New in Soft Tissue Tumor Pathology? Am J 
Surg Pathol. 2021; 45:e1–23. https://doi.org/10.1097/
PAS.0000000000001552. [PubMed]

22. Coffin CM, Beadling C, Neff T, Corless CC, Davis JL. 
Infantile fibrosarcoma with a novel RAF1 rearrangement: 
The contemporary challenge of reconciling classic 
morphology with novel molecular genetics. Hum Pathol 

https://doi.org/10.3389/pore.2022.1610237
https://pubmed.ncbi.nlm.nih.gov/35295613
https://doi.org/10.1093/neuonc/not248
https://pubmed.ncbi.nlm.nih.gov/24366910
https://doi.org/10.1038/ng1975
https://doi.org/10.1038/ng1975
https://pubmed.ncbi.nlm.nih.gov/17293865
https://doi.org/10.1038/nature00766
https://doi.org/10.1038/nature00766
https://pubmed.ncbi.nlm.nih.gov/12068308
https://doi.org/10.1111/cts.13632
https://pubmed.ncbi.nlm.nih.gov/37718498
https://doi.org/10.18632/oncotarget.864
https://doi.org/10.18632/oncotarget.864
https://pubmed.ncbi.nlm.nih.gov/23470635
https://doi.org/10.6004/jnccn.2013.0173
https://doi.org/10.6004/jnccn.2013.0173
https://pubmed.ncbi.nlm.nih.gov/24335681
https://doi.org/10.1200/JCO.2013.49.0078
https://doi.org/10.1200/JCO.2013.49.0078
https://pubmed.ncbi.nlm.nih.gov/24567436
https://doi.org/10.1212/WNL.0000000000000880
https://doi.org/10.1212/WNL.0000000000000880
https://pubmed.ncbi.nlm.nih.gov/25209580
https://doi.org/10.1111/bjd.12480
https://doi.org/10.1111/bjd.12480
https://pubmed.ncbi.nlm.nih.gov/23796270
https://doi.org/10.1007/s10637-015-0280-0
https://doi.org/10.1007/s10637-015-0280-0
https://pubmed.ncbi.nlm.nih.gov/26286452
https://doi.org/10.1200/PO.19.00282
https://pubmed.ncbi.nlm.nih.gov/35100728
https://doi.org/10.1159/000526018
https://pubmed.ncbi.nlm.nih.gov/36157689
https://doi.org/10.1038/s41379-020-0530-3
https://doi.org/10.1038/s41379-020-0530-3
https://pubmed.ncbi.nlm.nih.gov/32238877
https://doi.org/10.1002/cam4.3103
https://pubmed.ncbi.nlm.nih.gov/32476297
https://doi.org/10.1111/apm.12702
https://doi.org/10.1111/apm.12702
https://pubmed.ncbi.nlm.nih.gov/28452074
https://doi.org/10.1136/jcp.2009.064550
https://doi.org/10.1136/jcp.2009.064550
https://pubmed.ncbi.nlm.nih.gov/19561230
https://doi.org/10.1186/s12967-017-1212-x
https://doi.org/10.1186/s12967-017-1212-x
https://pubmed.ncbi.nlm.nih.gov/28535771
https://doi.org/10.1097/PAS.0000000000001552
https://doi.org/10.1097/PAS.0000000000001552
https://pubmed.ncbi.nlm.nih.gov/32796172


Oncotarget500www.oncotarget.com

Case Reports. 2020; 22:200434. https://doi.org/10.1016/j.
ehpc.2020.200434.

23. Cipriani NA, Letovanec I, Hornicek FJ, Mullen JT, Duan 
Z, Borger DR, Nielsen GP. BRAF mutation in ‘sarcomas’: 
a possible method to detect de-differentiated melanomas. 
Histopathology. 2014; 64:639–46. https://doi.org/10.1111/
his.12305. [PubMed]

24. Li Y, Gao J, Ji C, Zhang C, Li Y, Li J, Shen L. Infrequent 
gene mutations of KRAS, NRAS and BRAF in colorectal 
cancer and their clinical significance: a report of 1 513 
cases. Chin J Dig Dis. 2020; 12:315–23.

25. Recine F, De Vita A, Fausti V, Pieri F, Bongiovanni 
A, Franchini E, Casadei R, Falasconi MC, Oboldi D, 
Matteucci F, Pallotti MC, Mercatali L, Riva N, et al. 
Case Report: Adult NTRK-Rearranged Spindle Cell 
Neoplasm: Early Tumor Shrinkage in a Case With Bone 
and Visceral Metastases Treated With Targeted Therapy. 
Front Oncol. 2021; 11:740676. https://doi.org/10.3389/
fonc.2021.740676. [PubMed]

26. Hong DS, DuBois SG, Kummar S, Farago AF, Albert CM, 
Rohrberg KS, van Tilburg CM, Nagasubramanian R, Berlin 
JD, Federman N, Mascarenhas L, Geoerger B, Dowlati A, et 
al. Larotrectinib in patients with TRK fusion-positive solid 
tumours: a pooled analysis of three phase 1/2 clinical trials. 
Lancet Oncol. 2020; 21:531–40. https://doi.org/10.1016/
S1470-2045(19)30856-3. [PubMed]

27. Liu F, Wei Y, Zhang H, Jiang J, Zhang P, Chu Q. NTRK 
Fusion in Non-Small Cell Lung Cancer: Diagnosis, Therapy, 
and TRK Inhibitor Resistance. Front Oncol. 2022; 12:864666. 
https://doi.org/10.3389/fonc.2022.864666. [PubMed]

28. Lin L, Sabnis AJ, Chan E, Olivas V, Cade L, Pazarentzos 
E, Asthana S, Neel D, Yan JJ, Lu X, Pham L, Wang MM, 
Karachaliou N, et al. The Hippo effector YAP promotes 
resistance to RAF- and MEK-targeted cancer therapies. Nat 
Genet. 2015; 47:250–56. https://doi.org/10.1038/ng.3218. 
[PubMed]

29. Zhang W. BRAF inhibitors: the current and the future. Curr 
Opin Pharmacol. 2015; 23:68–73. https://doi.org/10.1016/j.
coph.2015.05.015. [PubMed]

30. Abdel-Rahman O, ElHalawani H, Ahmed H. Doublet 
BRAF/MEK inhibition versus single-agent BRAF 
inhibition in the management of BRAF-mutant advanced 
melanoma, biological rationale and meta-analysis of 
published data. Clin Transl Oncol. 2016; 18:848–58. https://
doi.org/10.1007/s12094-015-1438-0. [PubMed]

31. Ascierto PA, McArthur GA, Dréno B, Atkinson V, 
Liszkay G, Di Giacomo AM, Mandalà M, Demidov L, 

Stroyakovskiy D, Thomas L, de la Cruz-Merino L, Dutriaux 
C, Garbe C, et al. Cobimetinib combined with vemurafenib 
in advanced BRAF(V600)-mutant melanoma (coBRIM): 
updated efficacy results from a randomised, double-blind, 
phase 3 trial. Lancet Oncol. 2016; 17:1248–60. https://doi.
org/10.1016/S1470-2045(16)30122-X. [PubMed]

32. Long GV, Eroglu Z, Infante J, Patel S, Daud A, Johnson 
DB, Gonzalez R, Kefford R, Hamid O, Schuchter L, Cebon 
J, Sharfman W, McWilliams R, et al. Long-Term Outcomes 
in Patients With BRAF V600-Mutant Metastatic Melanoma 
Who Received Dabrafenib Combined With Trametinib. J 
Clin Oncol. 2018; 36:667–73. https://doi.org/10.1200/
JCO.2017.74.1025. [PubMed]

33. Schreuer M, Jansen Y, Planken S, Chevolet I, Seremet 
T, Kruse V, Neyns B. Combination of dabrafenib plus 
trametinib for BRAF and MEK inhibitor pretreated patients 
with advanced BRAFV600-mutant melanoma: an open-
label, single arm, dual-centre, phase 2 clinical trial. Lancet 
Oncol. 2017; 18:464–72. https://doi.org/10.1016/S1470-
2045(17)30171-7. [PubMed]

34. Rizos H, Menzies AM, Pupo GM, Carlino MS, Fung C, 
Hyman J, Haydu LE, Mijatov B, Becker TM, Boyd SC, 
Howle J, Saw R, Thompson JF, et al. BRAF inhibitor 
resistance mechanisms in metastatic melanoma: spectrum 
and clinical impact. Clin Cancer Res. 2014; 20:1965–
77. https://doi.org/10.1158/1078-0432.CCR-13-3122. 
[PubMed]

35. Burgess MA, Bolejack V, Schuetze S, Tine BAV, Attia 
S, Riedel RF, Hu JS, Davis LE, Okuno SH, Priebat DA, 
Movva S, Reed DR, D’Angelo SP, et al. Clinical activity 
of pembrolizumab (P) in undifferentiated pleomorphic 
sarcoma (UPS) and dedifferentiated/pleomorphic 
liposarcoma (LPS): Final results of SARC028 expansion 
cohorts. J Clin Oncol. 2019; 37:11015. https://doi.
org/10.1200/JCO.2019.37.15_suppl.11015.

36. Alsadery HA, Busbait S, AlBlowi A, Alsawidan M, 
AlBisher HM, Alshammary S. Abdominal cocoon 
syndrome (idiopathic sclerosing encapsulating peritonitis): 
An extremely rare cause of small bowel obstruction-
Two case reports and a review of literature. Front Med 
(Lausanne). 2022; 9:1003775. https://doi.org/10.3389/
fmed.2022.1003775. [PubMed]

37. Abad Calvo P, de Diego Suárez M, Isnard Blanchar RM, 
Ojanguren Sabán I, Castellví Gil A. Abdominal cocoon 
syndrome: A diagnostic and therapeutic challenge. Case 
report. Cir Esp. 2015; 93:e61–62. https://doi.org/10.1016/j.
ciresp.2013.04.016. [PubMed]

https://doi.org/10.1016/j.ehpc.2020.200434
https://doi.org/10.1016/j.ehpc.2020.200434
https://doi.org/10.1111/his.12305
https://doi.org/10.1111/his.12305
https://pubmed.ncbi.nlm.nih.gov/24117833
https://doi.org/10.3389/fonc.2021.740676
https://doi.org/10.3389/fonc.2021.740676
https://pubmed.ncbi.nlm.nih.gov/35070960
https://doi.org/10.1016/S1470-2045(19)30856-3
https://doi.org/10.1016/S1470-2045(19)30856-3
https://pubmed.ncbi.nlm.nih.gov/32105622
https://doi.org/10.3389/fonc.2022.864666
https://pubmed.ncbi.nlm.nih.gov/35372074
https://doi.org/10.1038/ng.3218
https://pubmed.ncbi.nlm.nih.gov/25665005
https://doi.org/10.1016/j.coph.2015.05.015
https://doi.org/10.1016/j.coph.2015.05.015
https://pubmed.ncbi.nlm.nih.gov/26072431
https://doi.org/10.1007/s12094-015-1438-0
https://doi.org/10.1007/s12094-015-1438-0
https://pubmed.ncbi.nlm.nih.gov/26519363
https://doi.org/10.1016/S1470-2045(16)30122-X
https://doi.org/10.1016/S1470-2045(16)30122-X
https://pubmed.ncbi.nlm.nih.gov/27480103
https://doi.org/10.1200/JCO.2017.74.1025
https://doi.org/10.1200/JCO.2017.74.1025
https://pubmed.ncbi.nlm.nih.gov/28991513
https://doi.org/10.1016/S1470-2045(17)30171-7
https://doi.org/10.1016/S1470-2045(17)30171-7
https://pubmed.ncbi.nlm.nih.gov/28268064
https://doi.org/10.1158/1078-0432.CCR-13-3122
https://pubmed.ncbi.nlm.nih.gov/24463458
https://doi.org/10.1200/JCO.2019.37.15_suppl.11015
https://doi.org/10.1200/JCO.2019.37.15_suppl.11015
https://doi.org/10.3389/fmed.2022.1003775
https://doi.org/10.3389/fmed.2022.1003775
https://pubmed.ncbi.nlm.nih.gov/36314018
https://doi.org/10.1016/j.ciresp.2013.04.016
https://doi.org/10.1016/j.ciresp.2013.04.016
https://pubmed.ncbi.nlm.nih.gov/24161416

