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Abstract

Background: Rhabdomyosarcoma (RMS) and lung adenocarcinoma (LADC) epitomizes the success of
cancer prevention by the development of conventional therapy, but huge challenges remain in the therapy
of advanced diseases.

Case presentation: We reported two cases of novel BRAF gene fusion. The first case was a 34-year-old
female with RMS harboring a BRAF-MAD1L1 fusion. She suffered tumor resection, recurrence and rapid
progression. The second case was a 72-year-old female with LADC harboring a BRAF-ZC3H7A fusion,
and she gained rapid progression after receiving a first-line course of chemotherapy.

Conclusions: These two BRAF fusions retain the intact BRAF kinase domain (exon 11-18) and showed
poor prognosis in RMS and LADC.

Background

Rhabdomyosarcoma (RMS) is an aggressive malignancy of soft-tissue in children and adolescents (1).
There are 4.5 cases per 1 million in children per year and it accounts for 4—5% of all childhood
malignancies (2). Despite most cases occur in children younger than 10 years, adult RMS still accounts
for 41% of all RMS patients in the Surveillance, Epidemiology and End Results database between 1973
and 2005 (3). Pediatric patients with RMS are generally treated by standard protocols or within clinical
studies. In the United State, most pediatric patients with RMS can be significantly improved with
multimodality therapy (surgery, chemotherapy and radiotherapy) and the 5-year overall survival (0S) is
55% and 71% for IRS-1 and IRS-IV, respectively (4-6). However, the treatment for adult RMS older than 19
years old is still non-standardized and depends on different physicians’ experience and personal choice.
The treatment results of adult RMS have been shown to be inferior to that of pediatric RMS (3, 7). A
recent study assessed the failure pattern and clinical outcome of adult patients with RMS who received
multimodality treatment (surgery,chemotherapy and radiotherapy) in the first-line treatment of metastatic
disease, observing approximately 21.7 months of median OS and 6.1 months of median OS especially
for genitourinary (8). Lower 3-year DFS (0% versus 26.7%; p = 0.616) and OS (0% versus 53.5%; p=0.12)
of high-risk patients demonstrates the aggressive behavior of this disease.

Lung adenocarcinoma (LADC) is the most common type of lung cancer and occurs in both smokers and
never smokers (9). Treatment strategy for LADC in advanced stages have changed obviously from the
traditional platinum-based chemotherapy to a gene-based targeted therapy as a first-line treatment when
the tumor carried targetable mutations (10). In primary LADC, screening for genomic alterations is
becoming a clinical standard for guiding individual treatment options and identifying new targets (11).
However, the majority of patients treated with targeted kinase inhibitors ultimately relapse, so new targets
must be identified to improve the OS of patients with LADC.

Gene fusion is an important genomic alternation that has been observed in various cancers, including
LADC (12) and RMS (13); such fusion is likely to contribute to cancer progression. Recent studies have
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highlighted the important role of gene fusion in cancers, which is expected to provide new ideas for
treatment and improving prognosis. It is reported that KIAA7549-BRAF gene fusion is a prognostic factor
in pilocytic astrocytomas and it associates with a better outcome (14). Recurrent BRAF gene fusions with
features reminiscent of infantile fibrosarcomas expand the spectrum of fusion-positive spindle cell
sarcomas (15). A novel gene fusion, LMO7-BRAF, was identified in papillary thyroid carcinoma and
behaves as an oncogenic alteration (16). All the above studies indicate that BRAF gene fusion is involved
in the development of cancer.

Herein, we describe the first case of RMS harboring a BRAF-MAD1L1 fusion and one case of LADC
harboring a BRAF-ZC3H7A fusion revealed by next-generation sequencing. These fusions result in BRAF
kinase domain activation. However, both patients were not treated with BRAF inhibitors, resulting in a
poor prognosis clinically.

Case Presentation

Case 1

A 34-year-old female attended a gynecologist in November 2017 with significant intermittent dull pain in
the left lumbar region. The ultrasonic wave inspection revealed a 23.2*17.4cm solid-cystic lesion in the
left pelvic cavity. Exploratory laparotomy was performed on November 30, 2017, and found that the goitre
was difficult to remove. Combined with morphology and immunohistochemistry (IHC), the pathological
biopsy revealed the mass as RMS. The IHC results of pathological sections were: Des (+), Myogenin (+),
S-100 (-), SMA (), CD34 (-), HMB45 (-), Ki-67 (+, 60-70%), Dog1 (-), CD117 (-), MyoD1 (-) (Fig. 1). For
further diagnosis and treatment, she was admitted to the Fourth Hospital of Hebei Medical University. In
D70-78ecember 2017, she underwent intestinal adhesion lysis, left abdomen massive tumor resection,
left nephrectomy, left hemicolectomy, transverse colon rectal anastomosis, partial ileal resection and ileal
end anastomosis. During the operation, it was observed that the tumor was located in the left abdomen
with 50*45*40cm in size, of which part was in the left colon with the surface of the intestinal wall
showing 25*20*9cm mass and part was in left kidney. IHC results for tumor cells were: CD34 (+), CD117
(-), Dog1 (), Ki67 (60%), Desmin (+), Calponin (-), S100 (-), SMA (+/-), MDM2 (-), MyoD1 (-), Myo
(-),Masson (+), PTAH (+). After the operation, the patient recovered well.

In March 2018, PET-computed tomography (CT) scans revealed the recurrence and metastasis of RMS
with multiple enlarged lymph nodes near the abdominal aorta and multiple nodules around the spleen
(Fig. 2B). The patient was treated with ifosfamide and doxorubicin hydrochloride liposomes for 3 cycles
and received a partial response (PR) (Fig. 2C). In August 2018, after 6 cycles 0of91; chemotherapy, CT
scans showed multiple low-density nodules in thyroid and multiple masses around the spleen and
retroperitoneum, with increased size and PD (Fig. 2D). After 3 cycles of second-line treatment with
albumin paclitaxel, the size of the mass significantly increased with PD (Fig. 2E). In October 2018, the
patient received anlotinib hydrochloride (12 mg 1/day, d1-d14 for 3 weeks). In December 2018, pelvic
tumors increased slightly, and new liver metastases were observed with PD.
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Peripheral blood samples were collected for next-generation sequencing to identify additional therapeutic
options. Genomic testing revealed a BRAF-MADTL1 fusion (Fig. 3A), FGFR1 gene amplification, TP53
R248W mutation, and KMT2C/VWC2 rearrangement as well as high bTMB (14.05 Muts/Mb). First-
generation sequencing (Sanger) confirmed BRAF-MAD17L1 fusion in the RMS patient (Fig. 3B-C). On
December 28, 2019, the patient's blood was drawn for ctDNA test, during which the disease progressed
rapidly, and the patient died in March 2019.

Case 2

A female patient at age 72 was diagnosed with LADC in November 2016 (Fig. 4). Pemetrix combined with
cisplatin was applied as a first-line chemotherapy regimen for five cycles with SD in February 2017. In
November 2016, next-generation sequencing of the original lung tumor tissue was pursued to identify
additional therapeutic options and revealed the following: BRAF-ZC3H7A fusion (Figure. 4) and TP53
V172F mutation. First-generation sequencing (Sanger) confirmed the BRAF-ZC3H7A gene fusion in the
LADC patient (Figure.5). In March 2017, CT scans showed rapid disease progression and the patient died
with failing to use sorafenib, which was recommended as the second-line therapy.;113-114104

Discussion And Conclusion

BARF, located on human chromosome 7, encodes the serine/threonine protein kinases of RAF family that
play an important role in cell division, differentiation and secretion by regulating the MAPK/ERK signaling
pathway (17), which is critical for the normal development of cells. However, aberrant signaling of this
pathway can occur through activating mutations of BRAF and result in uncontrolled growth and
tumorigenesis. Most mutations in the BRAF cluster happen in two regions: the glycine-rich P loop of the N
lobe and the activation segment and flanking regions. Another abnormality of the BRAF gene is fusion.
Although present data and the published literature demonstrate BRAF fusions are enrichment in many
cancers, including pilocytic astrocytoma, spitzoid melanoma, pancreatic acinar carcinoma and papillary
thyroid cancer (18—-21), it has not previously been described in RMS. In this report, we first reported a
novel BRAF-MAD1L1 fusion and BRAF-ZC3H7A fusion resulted from a genomic rearrangement in the
RMS patient and LADC patient, respectively.

To our knowledge, MADTL 1, the mitosis checkpoint gene, and other gene fusion partner, contains a
conserved an N-terminal coil domain and C-terminal domain (595-718 amino acids) that plays a role in
the kinetochore targeting (22). Depletion of MAD7L 7 genes in mammal cells severely affects the spindle
checkpoint function, leading to aneuploidy and tumorigenesis (23), and abnormal expression of MAD1L1
is associated with poor prognosis (24). A patient with melanoma harboring a MAD7L 7-BRAF fusion
(intron 16 of MADTL 1T and intron 7 of BRAF), which is a similar translocation with case 1, demonstrated a
partial response to treatment with certain types of RAF inhibitors, such as sorafenib (25). So, BRAF-
MAD1L1T fusion keeps yet the intact in-frame BRAF kinase domain observed in casel is likely to be
effective in the treatment of certain RAF inhibitors. More evidence needs further research.
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ZC3H7A (zinc finger CCCH domain-containing protein 7A) is a member of the CCCH zinc finger family
and was highly enriched in macrophage-related organs, suggesting that they may play a role in the
regulation of innate immunity and inflammatory response. A study had confirmed that ZC3H7A, together
with TP53 and KRAS, were clustered into a single network that is strongly related to cancer development
(26). Here, we also detected ZC3H7A and TP53 mutations in case 2. These preclinical results suggest the
role of BRAF-MAD1L1 and BRAF-ZC3H7A fusion as oncogenic-drivers in a variety of tumors, deserving
targeted inhibition by small molecule kinase inhibitors.

As the first BRAF inhibitor, sorafenib is used in the first-line treatment for advanced liver cancer and
kidney cancer. Another class of BRAF inhibitors, vemurafenib, which have high inhibitory activity against
BRAF, especially BRAF V600E, is mainly used to treat melanoma. However, results of ongoing preclinical
studies could not provide a signal of the efficacy of BRAF inhibitors on these diseases. The ARMC10-
BRAF fusion patient-derived xenograft PDX models showed the highest growth rate in melanomas and
significant response to downstream MAPK inhibition with trametinib, a MEK inhibitor, but no response to
vemurafenib; a metastatic spitzoid melanoma featured with a ZKSCAN7-BRAF fusion responded to
treatment with the MEK inhibitor trametinib (27). Sorafenib monotherapy for current or progressive low-
grade astrocytomas harboring KIAA7549-BRAF fusion showed significant progression upon treatment
(19). Here, both patients did not use trametinib or sorafenib as a therapeutic drug, and the cancers
developed rapidly and led to the patients’ death, suggesting that the combination of trimetidine or
sorafenib may have a better therapeutic effect on patients with BRAF-fused cancers.

In this study, we reported two novel BRAF fusions, BRAF-MAD1L 1 and BRAF-ZC3H7A fusion, which has
resulted in a poor prognosis in RMS and LADC. With regard to the treatment strategy of these novel BRAF
fusions, our cases suggest that the trametinib or sorafenib may benefit patients. A single drug or multi-
drug combination could be selected according to the patient's physical status. And With the rapid
development of NGS techniques, newly identified gene fusions and concomitant molecular alterations in
oncology practice may provide novel therapeutic targets and bring significant clinical improvement for
RMS and LADC patients.
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Figure 1

Clinical pathologic characteristics of the RMS case. Tumor cells showed nuclear immune positivity for (A)
Des; (B) Myogenin; (C) Ki-67 (60-70%) (Bar=100um). (D) Tumor cells with nuclear hyperchromasia and
the presence of frequent mitotic figure (H&E, Bar=100pm).
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Figure 2

CT scans of the RMS patient. (A) No metastases were found around the spleen or near the abdominal
aorta before the surgery. (B) Metastases of RMS with multiple enlarged lymph nodes are shown around
the spleen and near the abdominal aorta. (C) The lesions around the spleen and near the abdominal aorta
decreased significantly. (D) The lesions around the spleen increased notably. (E) The lesions around the
spleen increased notably.
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Figure 3
The BRAF-MAD1L fusion. (A) NGS data indicated a somatic genomic rearrangement between BRAF and

MAD1L as demonstrated by Integrative Genomics Viewer. (B) First-generation sequencing (Sanger)
confirmation of BRAF- MAD1L1 gene fusion in the RMS patient presented.
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Figure 4

CT scans of the RMS patient. (A) Left pulmonary lesion with atelectasis. (B) The left bronchus was
narrowed and partially blocked; and soft tissue protruded into the trachea cavity, leading to a high
probability of tumor.
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Figure 5

The BRAF-ZC3H7A fusion. (A) NGS data indicated a somatic genomic rearrangement between BRAF and
ZC3H7A as demonstrated by Integrative Genomics Viewer. (B) First-generation sequencing (Sanger)
confirmation of BRAF- ZC3H7A gene fusion in the LADC patient presented.
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