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Abstract. Retinoblastoma is a common primary intraocular 
malignant tumor that affects infants and young children. 
Radiation therapy for hereditary retinoblastoma increases the 
risk of secondary malignancy. The present report discusses the 
case of a retinoblastoma survivor who developed secondary 
leiomyosarcoma 42 years after receiving radiation therapy. The 
retinoblastoma of the patient was unilateral, and the patient had 
no family history of the disease. RNA and DNA panel sequencing 
of the leiomyosarcoma tissue was performed to elucidate the 
molecular mechanism of this secondary malignancy. The RNA 
panel sequencing detected a germline reciprocal translocation 
of RB1 and DMXL1, leading to a diagnosis of possible heredi‑
tary retinoblastoma. Furthermore, it detected a somatic fusion 
gene (RAD51‑KNL1). The DNA panel sequencing identified 
various germline or somatic variants, including a somatic splice 
acceptor site mutation of TP53. We hypothesized that the molec‑
ular mechanism of the secondary malignancy of this patient 
was the combination of a germline reciprocal translocation of 
RB1 and DMXL1 and the accumulation of various somatic 
mutations containing the splice acceptor site mutation of TP53, 
which ultimately led to the development of a secondary leio‑
myosarcoma. Further prospective investigations are necessary 

to fully understand the role of reciprocal translocation of RB1 
and DMXL1 or other mutations in the tumorigenesis of second 
malignancies in patients with hereditary retinoblastoma.

Introduction

Retinoblastoma is a common primary intraocular malignant 
tumor in infants and young children. It is considered to be 
the most common primary malignant intraocular tumor. 
According to the World Health Organization, the reported 
incidence is 1 case per 16,000‑18,000 live births, with 
approximately 7,000‑8,000 new cases worldwide each year. 
It is caused by germline and somatic mutations in the RB1 
gene or, rarely, somatic amplification of MYCN. Hereditary 
retinoblastomas are typically bilateral with multiple tumor 
foci in one or two eyes (1).

Survivors of hereditary retinoblastoma generally have a good 
prognosis but radiation therapy for hereditary retinoblastoma 
increases the risk of secondary malignancy (2‑4). However, 
the precise molecular mechanism remains unknown. Here, we 
report on a survivor of possible hereditary retinoblastoma, diag‑
nosed with secondary leiomyosarcoma 42 years after radiation 
therapy. To elucidate the molecular mechanism of secondary 
leiomyosarcoma, we performed an RNA panel sequencing and 
DNA panel sequencing on her sarcoma tissue. We could not 
obtain this patient's retinoblastoma tissue itself. However, we 
also performed reverse transcription‑polymerase chain reac‑
tion (RT‑PCR) analysis for the fusion genes detected by RNA 
sequencing to distinguish whether the fusion genes were somatic 
or germline mutations on both sarcoma and normal tissues, 
specifically lymph node and skin, respectively. We also examined 
short variants found in the DNA panel test by Sanger sequencing 
to distinguish between somatic and germline mutations.

Case report

In April 2014, a 44‑year‑old woman with a residual nasal 
cavity tumor was referred to our hospital. She had suffered 

Secondary leiomyosarcoma of the nasal cavity in a 
treated patient with possible hereditary retinoblastoma 

with germline reciprocal translocation of RB1 and 
DMXL1 and somatic TP53 mutation: A case report

TOSHINARI YAGI1,  HARUMI NAKAMURA2,  YOJI  KUKITA2,  TORU WAKAMATSU3,  
HIRONARI TAMIYA3,  SHOU NAKAI3,  MAKIYO WATANABE3,  SHIGEKI KAKUNAGA3,  

HARUNA TAKAMI3,  RIE SUZUKI3,  SATOSHI TAKENAKA3  and  YOSHIKO HASHII4

1Department of Outpatient Chemotherapy; 2Laboratory of Genomic Pathology; Departments of 
3Orthopedic Surgery and 4Pediatrics, Osaka International Cancer Institute, Osaka, Osaka 541‑8567, Japan

Received February 15, 2023;  Accepted May 29, 2023

DOI: 10.3892/mco.2023.2661

Correspondence to: Dr Toshinari Yagi, Department of Outpatient 
Chemotherapy, Osaka International Cancer Institute, 3‑1‑69 Otemae, 
Chuo‑ku, Osaka, Osaka 541‑8567, Japan
E‑mail: toshinari.yagi@oici.jp

Abbreviations: RT‑PCR, reverse transcription‑polymerase 
chain reaction; FFPE, formalin‑fixed paraffin‑embedded; NGS, 
next‑generation sequencing; Rb1, retinoblastoma transcriptional 
corepressor 1

Key words: leiomyosarcoma, retinoblastoma, RB1, DMXL1, TP53



YAGI et al:  LEIOMYOSARCOMA OF A RETINOBLASTOMA SURVIVOR WITH GERMLINE RB1‑DMXL1 TRANSLOCATION2

from left nasal bleeding in September 2013 and consulted 
a nearby otolaryngologist. A tumor in her left nasal cavity 
was discovered (Fig. 1), and she was referred for treatment. 
After the embolization of the tumor, endoscopic resection of 
the tumor was performed in March 2014, but the tumor was 
located in the lateral wall of the nasal cavity. She was then 
transferred to our hospital for future treatment.

The patient had a history of retinoblastoma of the left eye 
at 2 years old. She received radiotherapy at the age of two, 
and her left eyeball was removed at the age of 24. Her family 
had no family history of retinoblastoma. Other information, 
such as total radiation dose and chemotherapy, could not be 
obtained.

Our hospital pathologists re‑examined the previously 
resected nasal tumor and diagnosed leiomyosarcoma. An 
endoscopic local examination did not identify the residual 
tumor, and imaging examinations revealed no metastatic 
lesions. Her laboratory tests yielded almost normal values 
except for lactate dehydrogenase was 263 U/l (normal range: 
119‑229 U/l).

In July 2014, partial removal of the left maxilla, including 
the pharyngeal opening of the auditory tube and palatine 
tonsils, was performed, where the location of the residual 
tumor was suspected. Left submandibular lymph nodes were 
also dissected. Pathological examination of the resected tissue 
revealed residual lesions of leiomyosarcoma in the inferior 
nasal concha. There was no metastases in the dissected lymph 
nodes (Sample 1).

After the operation, she received four courses of adjuvant 
chemotherapy consisting of ifosfamide (2 g/m2 per day, infu‑
sions performed on days 1‑5) and doxorubicin (30 mg/m2 per 
day, infusions performed on days 1‑2) every 28‑day cycle. 
However, several subcutaneous metastatic nodules occurred 
in May 2016. In September 2016, a total of five subcutaneous 
lesions were resected, two from the anterior chest, and one 
from the right shoulder, left upper arm, and left lumbar 
region (Sample 2). All of the lesions were metastatic leio‑
myosarcomas. In November 2016, multiple metastases were 
detected in her lung (Fig. 2A) and liver (Fig. 2B) via computed 
tomography. The first‑line systemic chemotherapy, consisting 
of gemcitabine (900 mg/m2/day; infusions performed on 
day 1 and 8) and docetaxel (70 mg/m2; infusions performed 
on day 8) every 28‑day cycle, was started, but it was discon‑
tinued after two cycles due to the suspected pneumonitis 
caused by these anticancer drugs. The second‑line chemo‑
therapy consisting of eribulin mesylate (1.4 mg/m2/day; 
infusions performed on day 1 and 8 of every 21‑day cycle) 
was started, but it was discontinued during the second cycle 
due to progressive disease. The third‑line therapy consisting 
of pazopanib, 600 mg/day orally, was started in April 2017 
but was discontinued due to high fever, thrombocytopenia, and 
punctate erythema throughout the body. At that time, a skin 
biopsy was performed on her left lower leg (Sample 3), but no 
metastases of leiomyosarcoma were found. The fourth line of 
chemotherapy, trabectedin (1.2 mg/m2), was started, but after 
2 cycles, there was evidence of progressive disease. A reduced 
dose of pazopanib, 200‑400 mg/day, was re‑introduced, and 
it was continued for approximately 2 years. However, her 
leiomyosarcoma gradually increased, and she died in January 
2020.

Methods for pathological studies. Immunohistochemical 
staining was completed using a Ventana BenchMark GX system 
(Ventana Medical Systems Inc.). These evaluations used the 
following primary antibodies: pan Keratin (AE1/AE3/PCK26 
[prediluted], Ventana Medical Systems Inc.), smooth muscle 
actin (SMA, 1A4 [prediluted] Ventana Medical Systems Inc.), 
desmin (DE‑R‑11 [prediluted] Ventana Medical Systems Inc.), 
MyoD1 (EP212 [prediluted] Ventana Medical Systems Inc.), 
p53 (DO7 [prediluted], Ventana Medical Systems Inc.), and 
retinoblastoma transcriptional corepressor 1 (Rb1, G3‑245, 
1:200; BD Pharmingen).

Methods for genetic studies
Extraction of RNA and DNA f rom formalin‑f ixed, 
paraffin‑embedded (FFPE) tissues. RNAs were extracted 
from slices of FFPE tissue using Maxwell RSC Instrument 
and Maxwell RCS RNA FFPE Kit (Promega) and their 
concentrations were measured with the QuantiFluor RNA 
System (Promega). The DV200 score for quality assessment of 
each RNA was determined using Bioanalyzer 2100 and RNA 
6000 Nano/Pico Kit. DNA was extracted from slices of FFPE 
tissue with QIAamp DNA FFPE Advanced UNG Kit (Qiagen) 
and its concentration was measured using the Qubit dsDNA 
HS Assay Kit (Thermo Fisher Scientific, Inc.). The quality of 
DNA was confirmed using 1% agarose gel electrophoresis.

RNA panel analysis. The extracted tumor RNA was 
converted to a next‑generation sequencing (NGS) library with 
the TruSight RNA Pan‑Cancer Panel (RS‑303‑1002, Illumina) 
following their reference guide (Document # 1000000001632 
v01). The quality and quantity of the library were measured 
using Agilent DNA1000 Kit (Agilent) and the Qubit dsDNA 
HS Assay Kit (Thermo Fisher Scientific, Inc.). Libraries from 
12 samples were equimolarly pooled and diluted to a concen‑
tration of 1.5 pM. 1.3 ml of the diluted library was sequenced 
on a NextSeq 550 instrument using the NextSeq 500/550 Mid 
Output Kit v2.5 (20024905, Illumina). The data were analyzed 

Figure 1. T2‑weighted axial image of magnetic resonance imaging before the 
operation. A mild high intensity mass was recognized in the left nasal cavity 
(white arrow).
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using RNA‑Seq Alignment (version 2.0.2) of the BaseSpace 
Sequence Hub (https://basespace.illumina.com/, Illumina).

RT‑PCR analysis. RNAs were converted to cDNA with a 
random hexamer and SuperScript IV Reverse Transcriptase 
(Thermo Fisher Scientific, Inc.) as described in the manufac‑
turer's instructions. The cDNAs were used as templates for PCR 
reactions with Platinum SuperFi DNA Polymerase and SuperFi 
GC Enhancer (Thermo Fisher Scientific, Inc.). The primer 
sequences are as follows: RB1exon8_F, 5'‑GAT ACA AGA ATT 
ATT GAA GTT CTC TGT AAA GAA C‑3'; DMXL1exon9_R, 
5'‑CAA GTG ATC TCC TCC GAC CTC T‑3'; DMXL1exon9_F, 
5'‑GAA CAC TCC ACT GCA TGC C‑3'; RB1exon9_R, 5'‑AGT 
CCA TTA GAT GTT ACA AGT CCA‑3'; RAD51exon5_F, 
5'‑ACC CAG ATC TGT CAT ACG CT‑3'; KNL1utr5_R, 
5'‑TGC CGT CTT CTA ACA GGT CT‑3'. The expected 
amplicon sizes are 97 bp (RB1exon8‑DMXL1exon9), 139 bp 
(DMXL1exon9‑RB1exon9), 125 bp (RB1exon8‑RB1exon9), 
121 bp (RAD51exon5‑KNL1utr5). The cycling profile was as 
follows: 30 s at 98˚C for initial denaturation, followed by 40 
or 45 cycles of 10 s at 98˚C for denaturation, 10 s at 60˚C for 
annealing, and 30 s at 72˚C for extension. The PCR products 
were separated on a 2% agarose gel electrophoresis and stained 
with GelGreen (Biotium). The low molecular weight DNA 
ladder (cat. no. N3233S; New England BioLabs, Inc.) was used.

DNA panel analysis. The extracted tumor DNA was 
sheared using the Covaris M220 according to TruSight Tumor 
170 DNA Shearing Quick Guide (Part Number: 010515 Rev B, 
Covaris) with slight modification (Repeat/Iterations: 16) and 
checked the distribution of the fragments using Bioanalyzer 
2100 and High Sensitivity DNA Kit (Agilent Technologies). 
The sheared DNA was converted to an NGS library with the 
TruSight Oncology 500 Kit (Illumina) following the refer‑
ence guide (Document # 1000000067621 v04, Illumina). 
Sequencing was performed on a NextSeq 550 instrument, 
and the data were analyzed using the Local Run Manager 
TruSight Oncology 500 Analysis Module on the sequencer. 
After filtering out candidate germline variants using public 
databases, 1000 genomes (https://www.internationalgenome.
org/) (5) and gnomAD exome/genom (https://gnomad.

broadinstitute.org/) (6) according to the Workflow Guide of 
the above analysis module (Document # 10000000099600 
v00, Illumina), we annotated the pathogenicity of the detected 
variants using knowledge bases, OncoKB (v3.8, https://www.
oncokb.org/) (7), Cancer Genome Interpreter (https://www.
cancergenomeinterpreter.org/home) (8), ClinVar (https://www.
ncbi.nlm.nih.gov/clinvar/) (9), COSMIC (https://cancer.sanger.
ac.uk/cosmic) (10). We used ANNOVAR (https://annovar.
openbioinformatics.org/en/latest/) (11) to annotate the ClinVar 
data (version 20210501).

Sanger sequencing. To determine whether the short vari‑
ants detected by DNA panel sequencing were somatic or 
germline mutations, we performed PCR followed by Sanger 
sequencing on the normal lymph node tissue (Sample 1). 
Each mutant gene was amplified from DNA using appropriate 
primer sets (Table SI).

Results from pathological studies. Pathological examination of 
the resected tissue revealed residual lesions of leiomyosarcoma 
in the inferior nasal concha, in which atypical spindle‑shaped 
cells intermingle in bundles proliferated (Fig. 3A). These 
tumor cells have oval to spindle‑shaped nuclei which contain 
small nucleoli, and eosinophilic cytoplasm. The cellularity 
of the tumor cells was moderate. Tumor cells often show 
strong nuclear atypia and mitotic figures were observed with 
a frequency of 30/10 high‑power field (HPF) (Fig. 3B). The 
immunohistochemical staining identified that approximately 
50% of tumor cells lacked nuclear retinoblastoma transcrip‑
tional corepressor 1 (Rb1) protein expression (Fig. 3C). In 
contrast, in normal lymph node tissue (Sample 1), Rb1 protein 
expression was observed in more than 90% of the component 
cell nuclei (Fig. 3D). Tumor cells were diffusely positive for 
smooth muscle actin (Fig. 3E) and desmin (Fig. 3F). Pan 
Keratin (Fig. 3G) and MyoD1 (Fig. 3H) were completely nega‑
tive. p53 also showed complete loss of expression (Fig. 3I).

Results from genetic studies
RNA panel sequencing and RT‑PCR. RNA panel sequencing 
of the metastatic leiomyosarcoma (Sample 2) identified a novel 

Figure 2. CT scan of the (A) lung and (B) liver at the time of metastasis. The metastatic lesions are indicated by white arrows.
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Figure 3. Histopathological findings. (A) Spindle‑shaped tumor cells, which had oval to spindle‑shaped atypical nuclei and eosinophilic cytoplasm, inter‑
mingled in bundles. (B) Tumor cells often showed strong nuclear atypia with occasional mitotic figures. (C) Approximately 50% of tumor cells lacked nuclear 
Rb1 protein expression. (D) By contrast, in normal lymph node tissue, Rb1 protein expression was observed in >90% of the component cell nuclei. (E) Tumor 
cells were diffusely positive for SMA. (F) Desmin was also diffusely positive. (G) Pan keratin (AE1/AE3) was negative. (H) MyoD1 was also negative. (I) p53 
was negative. Scale bar, 100 µm. Rb1, retinoblastoma transcriptional corepressor 1; SMA, smooth muscle actin; MyoD1, myogenic differentiation 1.
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reciprocal translocation between 13q14.2 and 5q23.1 and a 
frameshift fusion gene RAD51 (exon5; NM_002875.5)‑KNL1 
(exon2; NM_144508.5). This reciprocal translocation resulted 
in two fusion genes: RB1(exon 8; NM_000321.3)‑DMXL1(exon 
9; NM_001290321.3) and DMXL1(exon 9)‑RB1(exon 9) 
(Fig. 4). The exon 9 of DMXL1 was included in both fusions. 
The fusion of RB1(exon 8)‑DMXL1(exon 9) was validated 
by RT‑PCR analysis revealing a rearrangement between 
these loci. Similar rearrangement was identified in Sample 1 
(normal lymph node) and Sample 3 (skin) (Fig. 5A). Wild‑type 
RB1 genes were proven by RT‑PCR of RB1 exon 8‑RB1 exon 9 
in the leiomyosarcoma, the lymph node, and the skin (Fig. 5B). 
On the other hand, the RAD51‑KNL1 fusion gene was iden‑
tified only in the sarcoma tissue and not in normal samples 
(Fig. 5C).

DNA panel sequencing and Sanger sequencing. DNA panel 
sequencing identified eight short variants: CDK12(Arg271Lys), 
CDK6(Val62Gly), HGF(Asp330Val), KDM5A(Thr1343Ile), 
LRP1B(Cys138Gly), MSH2(Met688Ile), SNCAIP(Glu87Lys), 

and TP53 (splice acceptor of intron 8). Only the variants in 
HGF, KDM5A, LRP1B, and MSH2 were detected in the 
normal lymph node (Table I). The panel analysis identified 
fourteen copy number changed genes. Nine of these genes, 
AR, FGF23, FGF4, FGF6, FGF7, FGFR1, KRAS, NRG1, and 
RAF1, were amplified. The other five genes, ATM, FGF5, 
FGF8, MDM4, and PTEN, were lost (Table II).

Discussion

Retinoblastoma is a common primary intraocular malignant 
tumor in infants and young children. Knudson's ‘two‑hit 
hypothesis’ accurately explains the development mechanism 
of retinoblastoma (12,13). Briefly, in hereditary retinoblas‑
toma, individuals carry a germline heterozygous alteration in 
RB1. Somatic inactivation of the second RB1 allele results in 
the development of retinoblastoma.

To diagnose hereditary retinoblastoma in clinical prac‑
tice, various sequencing methods are used to identify a 

Figure 4. RNA panel sequencing of the metastatic leiomyosarcoma (sample 2). A novel reciprocal translocation between RB1 and DMXL1 was identified. ter, 
the direction to the telomere.

Figure 5. After reverse transcription of sample RNAs, synthesized cDNAs were used as templates for PCR of (A) RB1 exon 8‑DMXL1 exon 9 (amplicon size, 
97 bp), (B) RB1 exon 8‑RB1 exon 9 (amplicon size, 125 bp) and (C) RAD51 exon 5‑KNL1 5' untranslated region (amplicon size, 121 bp). The marker lane 
was run on the same gel for the data shown in (B) (left panel) and (C). L, sample 1 (lymph node); T, sample 2 (tumor); S, sample 3 (skin); W, water; M, low 
molecular weight DNA ladder.
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heterozygous germline pathogenic variant in RB1. Pathogenic 
variants in RB1 show various types of mutations, including 
single nucleotide variations, small indels, and large dele‑
tions/duplications (14). Schieffer et al (15) performed RNA 
sequencing on the tumor tissue of an infant with sporadic 
and intracranial retinoblastoma and reported multiple fusion 
genes, including RB1‑SIAH3. However, the reports of fusion 
genes, including RB1, are rare.

We did not have this patient's retinoblastoma tissue, so the 
secondary malignancy (leiomyosarcoma) and normal tissues 
(lymph node and skin) were used for genetic testing. RNA 
sequencing is a useful tool for detecting fusion genes. Using 
this method on the leiomyosarcoma tissue, reciprocal trans‑
locations RB1(exon 8)‑DMXL1(exon 9) and DMXL1(exon 
9)‑RB1(exon 9), and fusion gene of RAD51 (exon5)‑KNL1 
(exon2), were identified. To the best of our knowledge, these 
are novel fusion genes. RT‑PCR confirmed the presence 

of RB1(exon 8)‑DMXL1(exon9) in the leiomyosarcoma, 
lymph node, and skin samples, identifying this fusion gene 
as a germline mutation. DMXL1(exon 9)‑RB1(exon 9) was 
confirmed in leiomyosarcoma and lymph node but not in the 
skin. However, this fusion gene is also probably a germline 
mutation. Because RNA quality was poorest in the skin 
(DV200 score: 35 for tumor, 36 for lymph node, 15 for skin), 
that RNA was highly fragmented, which may explain the 
false‑negative results. Since wild‑type RB1 genes were 
proven by RT‑PCR of RB1 exon 8‑RB1 exon 9 in the leio‑
myosarcoma, the lymph node, and the skin, the reciprocal 
translocation between RB1 and DMXL1 is regarded as 
heterozygous alteration, and, thus, we considered that her 
retinoblastoma was likely hereditary. On the other hand, 
RAD51‑KNL1 was identified in leiomyosarcoma but not 
lymph node or skin. Therefore, this fusion gene is regarded 
as a somatic mutation.

The protein encoded by RB1 is a tumor suppressor that 
is a regulator of the G1/S transition of the cell cycle (https://
www.uniprot.org/uniprot/P06400) (16). On the other hand, 
the protein encoded by DMXL1 is a member of the WD 
repeat superfamily of proteins with regulatory functions. 
DMXL1 is expressed in various tissue types, including several 
types of eye tissue, and it has been associated with ocular 
phenotypes (https://genome‑asia.ucsc.edu/cgi‑bin/hgGene?hgg_
gene=ENST00000311085.8&hgg_chrom=chr5&hgg_
s t a r t = 11 9 0 7 14 8 9 & h g g _ e n d = 11 9 2 4 91 2 7& h g g _
t ype=knownGene&db=hg38) (17). The role of chimeric 
RB1‑DMXL1 genes in the formation of retinoblastoma or 
secondary leiomyosarcoma is difficult to understand, but 
this fusion gene predicts the possibility of dysfunction of 
the RB1 gene. Dommering et al (18) investigated RB1 muta‑
tions in 44 hereditary retinoblastoma patients with a second 
primary malignancy and found an increased risk of second 
primary malignancy among carriers of one of the 11 recur‑
rent CGA>TGA nonsense RB1 mutations. In their samples, 
one case had a deletion of exon 9‑27, which was associated 
with an epithelial second primary malignancy. In our case, 
we may have had a similar mechanism of RB1 gene dysfunc‑
tion. The protein coded by RAD51 plays an important role 
in homologous strand exchange, a key step in DNA repair 
through homologous recombination (https://www.uniprot.org/

Table I. Short variants detected by DNA panel sequencing.

Gene Variant VAF OncoKB CGI COSMIC COSMIC_id ClinVar

CDK12 Arg271Lys 0.418  Passenger   
CDK6 Val62Gly 0.408  Driver   
HGF Asp330Val 0.416  Driver   
KDM5A Thr1343Ile 0.333  Passenger   
LRP1B Cys138Gly 0.613  Passenger   
MSH2 Met688Ile 0.611  Driver Pathogenic COSV 51886508 US
SNCAIP Glu87Lys 0.035  Passenger Pathogenic COSV 54401827 
TP53 Splice acceptor of intron 8 0.849  Driver   

Blank cells mean that the records do not exist in the database. VAF, variant allele fraction; OncoKB, Memorial Sloan Kettering's Precision 
Oncology Knowledge Base; CGI, Cancer Genome Interpreter; COSMIC, Catalogue of Somatic Mutations in Cancer; US, uncertain significance.

Table II. Copy number changes.

Gene Amp/Loss OncoKB CGI

AR Amp LO Known
ATM Loss LO Known
FGF23 Amp  Predicted passenger
FGF4 Amp Inconclusive Known
FGF5 Loss  Predicted passenger
FGF6 Amp  Predicted passenger
FGF7 Amp  Predicted passenger
FGF8 Loss  Predicted passenger
FGFR1 Amp O Known
KRAS Amp LO Predicted driver
MDM4 Loss  Predicted passenger
NRG1 Amp  Predicted passenger
PTEN Loss O Known
RAF1 Amp O Known

Amp, amplification; OncoKB, Memorial Sloan Kettering's Precision 
Oncology Knowledge Base; LO, likely oncogenic (OncoKB); O, 
oncogenic (OncoKB); CGI, Cancer Genome Interpreter.
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uniprot/Q06609) (16). The protein coded by KNL1 is essen‑
tial for spindle‑assembly checkpoint signaling and correct 
chromosome alignment (https://www.uniprot.org/uniprot/
Q8NG31) (16). RAD51‑KNL1 fusion causes a frameshift and 
may result in the loss of both proteins.

We identified eight short variants and fourteen copy 
number changed genes using DNA panel sequencing. To 
predict the involvement of these mutations in carcinogenesis 
of secondary leiomyosarcoma, we used cancer knowledge 
databases: OncoKB (7), Cancer Genome Interpreter (8), 
ClinVar (9), and COSMIC (10) (Table I). Based on these 
results, we speculated that short variants of CDK6, HGF, 
MSH2, SNCAIP, and TP53 might be involved in malignant 
transformation. In the copy number change, amplification of 
AR, FGFR1, KRAS, RAF1, and loss of ATM and PTEN were 
suspected.

To determine whether the eight short variants detected 
by DNA panel sequencing were somatic or germline muta‑
tions, Sanger sequencing was performed on the normal 
lymph node (Sample 1). Four variants, TP53 (splice acceptor 
of intron 8), CDK12(Arg271Lys), CDK6(Val62Gly), and 
SNCAIP(Glu87Lys), were somatic mutations. The other 
four variants, HGF(Asp330Val), KDM5A(Thr1343Ile), 
LRP1B(Cys138Gly), and MSH2(Met688Ile), were germline 
mutations detected by DNA panel sequencing. The variant 
allele fraction of TP53 was 0.85, which is a very high value. 
This mutation was not detected in the normal lymph node by 
Sanger sequencing. Therefore, we concluded that it is a somatic 
mutation and speculated that there was a loss of heterozygosity. 
This mutation is in the splice acceptor site and is expected to 
cause an exon skipping or intron retention of mRNA, resulting 
in dysfunction of TP53 protein.

Schaefer et al (19) reported a high frequency of 
co‑inactivation of TP53 and RB1 in local recurrent or distant 
metastatic leiomyosarcomas using immunohistochem‑
istry. Using whole‑exome and transcriptome sequencing, 
Chudasama et al (20) reported that leiomyosarcoma tumors 
are characterized by substantial mutational heteroge‑
neity, near‑universal inactivation of TP53, as well as RB1, 
widespread DNA copy number alterations including chro‑
mothripsis, and frequent whole‑genome duplication. As a 
molecular mechanism of our patient's secondary leiomyo‑
sarcoma tumorigenesis, we speculate that the patient had a 
reciprocal translocation of the RB1 and DMXL1 as a germ‑
line mutation and various somatic mutations containing the 
splice acceptor site mutation of TP53 accumulated, resulting 
in the secondary leiomyosarcoma. Radiation therapy is 
thought to trigger somatic mutations. However, her sarcoma 
developed 42 years after the radiotherapy, and the involve‑
ment of age‑related exposure to environmental carcinogens 
cannot be ruled out.

This study has limitations. First, this study is based on only 
one case report. Therefore, further prospective investigations 
are needed to elucidate the role of reciprocal translocation of 
the RB1 and DMXL1 or other mutations in tumorigenesis of 
second malignancy in patients with hereditary retinoblastoma. 
Second, after adjuvant chemotherapy, the leiomyosarcoma 
tissue (Sample 2) was analyzed for mutation analysis. Therefore, 
it cannot be ruled out that anticancer drugs may have affected 
the somatic mutations in leiomyosarcoma. Third, a detailed 

family history could not be confirmed due to the small number 
of her relatives, no family history of retinoblastoma could be 
found, and no genetic test was performed on her relatives. 
Therefore, it is possible that the reciprocal translocation of the 
RB1 and DMXL1 is a de novo mutation rather than hereditary. 
Fourth, we did not perform the fluorescence in situ hybrid‑
ization (FISH) of RB1‑DMXL1 fusion gene. Therefore, this 
fusion gene could not be visualized in the tissues.

In summary, we report the case of a woman with a 
history of possible hereditary retinoblastoma diagnosed with 
secondary leiomyosarcoma 42 years after radiotherapy. She 
had several germline mutations, including a reciprocal trans‑
location of RB1 and DMXL1. It is speculated that the addition 
of some somatic mutations, such as the splice acceptor site 
mutation of TP53, might have precipitated the development of 
the second malignant leiomyosarcoma. Further prospective 
investigations are needed to elucidate the role of reciprocal 
translocation of the RB1 and DMXL1 or other mutations 
in the tumorigenesis of second malignancy in patients with 
hereditary retinoblastoma.
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