L))

Check for
updat

C Report
Page 1 of 10

Conversion therapy with tislelizumab for high microsatellite
instability, unresectable stage lll gastric cancer: a case report

Dan Jian", Chengyuan Qian", Dong Wangl, Qiang Ma’, Li Wang’, Chunxue Li’, Mingfang Xu', Nan Dai,
Qian Chen', Juan He', Huan Zhang®, Mingming Yuan*, Rongrong Chen®, Rui Chao’, Yan Feng'*

'Cancer Center, Daping Hospital, Army Medical University, Chongqing, China; *Department of Pathology, Daping Hospital, Army Medical
University, Chongqing, China; ‘Department of Gastric & Colorectal Surgery, Daping Hospital, Army Medical University, Chongqing, China;
*Geneplus-Beijing, Beijing, China; *Department of Orthopaedic Surgery, Chongqing Emergency Medical Center, The Fourth People’s Hospital of
Chongging, Chongging University Central Hospital, Chongging, China

*These authors contributed equally to this work and are co-first authors.

Correspondence to: Yan Feng, MD. Cancer Center, Daping Hospital, Army Medical University, No.10 Changjiang Zhilu, Daping Yuzhong District,
Chongging 400038, China. Email: fengyan19820729@sina.com; Rui Chao, MD. Department of Orthopaedic Surgery, Chongqing Emergency
Medical Center, The Fourth People’s Hospital of Chongqing, Chongqing University Central Hospital, No. 1 Jiankang Road, Yuzhong District,
Chonggqing 400014, China. Email: 956440096@qq.com.

Abstract: Gastric cancer (GC) is the fifth-highest ranked cancer for incidence and second for mortality
from cancer worldwide. Conversion therapy has recently emerged as an alternative therapy for advanced/
metastatic GC patients who are unable to undergo surgical resection at the time of diagnosis. Herein, we
present the case of a patient with unresectable stage IIT GC of high microsatellite instability (MSI), high
tumor mutation burden (TMB), and Epstein-Barr virus (EBV) positive. The patient received conversion
therapy involving a combination of chemotherapy and immunotherapy regimens. After 3 courses of
chemotherapy combined with tislelizumab, the patient underwent laparoscopic radical total gastrectomy. The
pathological examination demonstrated that there was no cancerous tissue at the proximal or distal end of
the tumor and no lymph node metastases in the lesser or greater curvature, indicating a pathologic complete
response. Thereafter, the patient continued tislelizumab treatment to prevent postoperative carcinoma
recurrence and metastasis, and to improve prognosis. In conclusion, our study confirmed that chemotherapy
combined with immunotherapy is a promising conversion therapy for GC patients with locally unresectable
lesions or distant lymph node metastasis, and these findings warrant large-scale clinical studies. This report
highlights the clinical importance of next-generation sequencing technology in investigating therapeutic

strategy to provide the maximal clinical benefit for patients with GC.
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Introduction 783,000 deaths worldwide. The incidence rate is twice as
According to GLOBOCAN 2018 cancer statistics, gastric high in men compared with women and markedly elevated
cancer (GCQ) is ranked fifth for incidence and second for in East Asia (1). Although the therapeutic effect of operative
mortality, with over 1,000,000 new cases and an estimated treatment for early-stage GC is acceptable, over 70%
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of patients develop advanced-stage disease. The median
overall survival (OS) time for those with advanced-stage GC
is less than 1 year (2). Lauren classification and the WHO
classification [2010] were commonly classification systems
without prognostic value and without therapeutic effects (3).
With the development of next generation sequencing, the
TCGA study reported four major molecular subtypes to
provide insights into the heterogeneity including Epstein-
Barr virus (EBV), microsatellite instability (MSI), genomic
stability (GS) and chromosomal instability (CIN) (4).
The alternative classification of Asian Cancer Research
Group (ACRG) stratified gastric cancer into tumors with
MSI, including microsatellite-stable tumours showing
epithelial to mesenchymal transition (MSS/EMT), MSS
tumours with intact TP53 activity (MSS/TP53+) and MSS
tumors with functional loss of TP53 (MSS/TP53-) (5). In
addition, several studies defined gastric cancer molecular
subtypes using immunohistochemistry (IHC) and EBV-
encoded RNA in situ hybridization (EBER-ISH) (6,7). The
clinicopathological and molecular characteristics of gastric
cancer were associated with prognosis and used for the
standardization of pathological definitions (8,9).

Multiple therapeutic regimens with immune checkpoint
inhibitors (ICIs) have been developed to improve these
dismal outcomes (10,11). A phase 2 study showed that
first-line tislelizumab, a monoclonal antibody against
programmed cell death-1 (PD-1), plus chemotherapy
produced durable responses with manageable tolerability
in patients with locally advanced/metastatic esophageal
squamous cell carcinoma or gastric cancer/gastroesophageal
junction (G/GEJ) adenocarcinoma (12). Simultaneously,
the use of biomarkers to predict tumor response to ICIs has
been explored, including MSI (13) tumor mutation burden
(TMB) (14), EBV (15), and expression of programed cell
death ligand-1 (PD-L1) (16). Previous studies showed
that immune molecules, MSI and PD-L1 expression were
considered as prognostic biomarkers in gastric cancer (17).
The patients with MSI-high could be treated with PD-
L1 antibody pembrolizumab for solid cancer to improve
the prognosis (18). In MSI-H metastatic colorectal
cancer, nivolumab provided durable disease control for
improvement of clinical benefit (19). The expression of
immune molecules including CD274, LAG3, and IDO1
inferred better prognosis in patients with MSI-high
colon cancer (17). In KEYNOTE series of trials, high
PD-L1 scores showed better overall survival in gastric
cancer patients after treatment with immune checkpoint
inhibitors (20). These biomarkers provide information
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about the state of the immune system in GC and may
predict patient clinical outcomes. Studies have showed that
the frequency of MSI and loss of heterocigozity (LOH)
in neoplastic gastric carcinoma were 11.7% and 83 %,
respectively (21). Moreover, intestinal metaplasias are
generally considered as pre-neoplastic gastric lesions (22).
Studies have also showed that the frequency of MSI and
LOH in preneoplastic gastric carcinoma were 17% and
54%, respectively (21). However, the appropriate time
to incorporate immunotherapy into therapeutic plans for
suitable patients is still under investigation.

Recently, conversion therapy has emerged as an
alternative therapy for advanced/metastatic GC patients
who are unable to undergo surgical resection at the time of
diagnosis, such as those with locally unresectable lesions,
distant lymph node metastasis, and signs or imaging
manifestations of distant lesions (23,24). It has become
increasingly common for surgeons to reevaluate surgical
feasibility following palliative treatment in patients initially
deemed unsuitable for surgical resection (25), making
conversion therapy a promising therapeutic strategy for
providing longer survival in patients with advanced GC
after chemotherapy (26). Previous studies demonstrated
that neoadjuvant chemotherapy followed by surgery
provided dramatic survival benefit in gastric cancer (27).
Biological and clinical factors involved in the impact on
the prognosis of patients with incomplete pathological
remission, including immune respond, altered gene
signatures (28). Studies showed the anti-tumor functions
of plasma B cells and myeloid-derived antigen-presenting
cells were associated with incomplete pathologic response
to neoadjuvant chemotherapy in breast cancer (29).
Neoadjuvant chemotherapy significantly altered HER2
genomic signature of original breast cancer in patients
with incomplete pathologic response (28). The high p53
expression in rectal cancer patients was correlated with
incomplete pathological remission after neoadjuvant
chemotherapy (30).

The development of treatment involving ICIs plus
chemotherapy has greatly enhanced clinical benefits in
patients with advanced GC (31). Studies (NCT03469557)
have reported the safety and tolerability in the first-line
treatment of tislelizumab plus chemotherapy for advanced
gastric junction adenocarcinoma. The results showed that
objective response rates and disease control rates were
46.7% and 80%, respectively in gastric/gastroesophageal
junction adenocarcinoma (12). However, little research on
the clinical value of a multimodal strategy of chemotherapy
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combined with ICIs in conversion therapy for advanced
GC has been reported (32,33). Additionally, the clinical
population and molecular biomarkers of successful
conversion therapy with chemotherapy and ICIs remain
unclear.

Here, this study presented the case of a patient with
unresectable stage III GC of high microsatellite instability
(MSI-H), high tumor mutation burden (I'MB-H), Epstein-
Barr virus (EBV+) positive and unresectable stage III GC.
These findings warrant large-scale clinical studies. There
was no cancerous tissue at the proximal or distal end of
the tumor and no lymph node metastases in the lesser or
greater curvature, indicating a pathologic complete response
(pCR) following treatment with sequential chemotherapy
combined with tislelizumab and laparoscopic surgery.
Responding to these observations, further investigation
of tislelizumab with other novel combinations to build on
the benefit of tislelizumab in patients with gastric cancer is
warranted. We present the following article in accordance
with the CARE reporting checklist (available at https://
dx.doi.org/10.21037/atm-21-4295).

Case presentation

A 69-year-old man with a history of Parkinson’s disease
complained of persistent epigastric pain and vomiting of
dark red gastric contents. All procedures performed in
studies involving human participants were in accordance
with the ethical standards of the institutional and/or
national research committee(s) and with the Helsinki
Declaration (as revised in 2013). Written informed consent
was obtained from the patient for publication of this case
report and accompanying images. A copy of the written
consent is available for review by the editorial office of this
journal. Gastroscopy and positron emission tomography-
computed tomography (PET-CT) with 18F-fluoro-2-
deoxy-d-glucose (*FDG) revealed an ulcerative tumor with
a 9.4 cm diameter extending from the lesser curvature of
the gastric body to the lesser curvature of the gastric antrum
under the cardia, and enlargement of scattered lymph nodes
in hepatogastric space and retroperitoneum, with the largest
being 2.0 cm in diameter (Figure 14). An abnormal increase
in phosphate-dependent glutaminase (PDG) metabolism
was consistent with the manifestation of GC (Figure 1B,1C),
corresponding to clinical stage T3-4N2MO and Borrmann
type III. The patient had an Eastern Cooperative Oncology
Group Performance Status (ECOG PS) of 2. The patient’s
serum level of carbohydrate antigen (CA) 19-9 was
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5.16 ng/mL, and hemoglobin in venous blood was
85 ng/mL. Pathological examination of the gastric biopsy
specimen indicated a poorly differentiated adenocarcinoma
and negative HER2 expression (Figure 2A4). The status of
MSI-H was inferred from IHC results showing negative
expression of MLH1 and PMS2 (Figure 2B,2C) and positive
expression of MSH2 and MSH6 (Figure 2D,2E). The IHC
test for PD-L1 by 22C3 pharmDx (Agilent) was positive
(TPS 30%, CPS 40). Tests for EBV were positive.

To guide further therapy, the patient’s formalin-
fixed and paraffin-embedded (FFPE) GC tissue was
analyzed with target capture next-generation sequencing
(NGS) using a 1,021-gene panel. The TMB value
of 72.96 mutations per megabase (muts/Mb) was
evaluated as TMB-H (the threshold for TMB-H is
9 muts/Mb). The status of MSI evaluated by MSIsensor
(v0.5) was high, which supported the application of
ICIs. Meanwhile, 75 single nucleotide variants (SNVs)
were found in the GC tumor sample (Table S1).
Mutations of ATR (5.0%), BRAC2 (5.1%), BRIP1 (6.5%),
and CHEKI1 (8.0%) in DNA damage response (DDR)
pathways also suggested that the patient might benefit from
PD-1/PD-L1 ICIs (34,35).

In view of the genetic testing results, the patient received
celiac trunk angiography and celiac trunk perfusion
chemotherapy combined with immunotherapy, which
included paclitaxel-albumin (200 mg) transcatheter arterial
infusion and paclitaxel-albumin (100 mg) intravenously
on day 1 and tislelizumab (200 mg) intravenously every
3 weeks. Due to the patient’s poor physical condition, which
was accompanied by general fatigue and soreness, oxaliplatin
was not used in the first treatment cycle. Toxicity after
the treatment mentioned above was moderate, involving
mainly neutropenia caused by chemotherapy. The patient
then received 2 cycles of paclitaxel-albumin (300 mg) and
oxaliplatin (220 mg in the second cycle and 150 mg in the
third cycle due to myelosuppression) intravenously on day
1, with tislelizumab (200 mg) intravenously every 3 weeks.
Grade IV myelosuppression with fever was managed with
recombinant human granulocyte colony-stimulating factor
injection, recombinant human thrombopoietin treatments,
and blood transfusions. After conversion therapy of
chemotherapy combined with immunotherapy, abdominal
CT revealed the body and antrum of the stomach were
thickened and slightly enhanced (Figure 3). Nodular soft
tissue shadow in hepatogastric space (the largest being
2.8 cm x 2.4 cm) and many rounded nonenhanced low-
density shadows in the renal parenchyma (the largest being
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Figure 1 PET-CT with "FDG at diagnosis. (A) PET-CT with ""FDG showed the gastric body and gastric antrum wall obviously thickened

with soft tissue mass (circle). (B,C) The abnormal increase in PDG metabolism was found in the body and antrum of stomach.

2.0 cm x 1.8 cm) were also observed. Further, the patient’s
CA 19-9 level was within normal limits (20 U/mL).

A partial response was evaluated based on the Response
Evaluation Criteria in Solid Tumours (RECIST vl1.1) (36),
and thus the patient underwent laparoscopic radical
total gastrectomy with esophagojejunostomy and
laparoscopic cholecystectomy. An ulcerative mass of about
3.7x1.3x0.5 cm’ was observed in the resected gastric
specimen, with subserosal invasion in the cut surface
(Figure 4). The pathological examination demonstrated that
there was no cancerous tissue at the proximal or distal end
of the tumor and no lymph node metastases in the lesser
or greater curvature (Figure 5A-5C), corresponding to the
American Joint Committee on Cancer (AJCC) pathological
stage ypTONO. These findings indicated a pathologic
complete response (pCR). Thereafter, the patient continued
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to receive tislelizumab to prevent postoperative carcinoma
recurrence and metastasis, and to improve prognosis.

Discussion

We reported the case of a patient with stage III GC who
was successfully treated with conversion therapy using
chemotherapy and immunotherapy. To the best of our
knowledge, this is the first report of a case that utilized gene
testing to characterize the molecular biomarkers of primary
tumor disease in order to develop a precision conversion
therapy. Studies showed that molecular classification
could directly associate gastric cancer with targeted
therapies to overcome intertumoral heterogeneity for
precision medicine (37). Clinical classification showed that
ERBB2, FGFR2 and EGFR were observed as actionable
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Figure 2 Hematoxylin-eosin staining and immunohistochemistry at diagnosis. (A) Hematoxylin-eosin staining section of the gastric

biopsy specimen (original magnification, x100). (B-E) MLH1, PMS2, MSH2, and MSHG6 protein expression were analyzed by

immunohistochemistry of the gastric biopsy specimen, respectively (original magnification, x100).

Figure 3 The abdominal CT after conversion therapy. CT showed the changes of gastric body and antrum adenocarcinoma after

chemotherapy plus tislelizumab (right) compared to that before conversion therapy (left). The circle stands the thick of the body and antrum

of the stomach.

biomarkers in advance gastric cancer with intertumoral
heterogeneity (38). Furthermore, ERBB2 cluster had better
clinical benefit respond to anti-HER2 therapy in gastric
cancer (37). This multiple therapeutic approach containing
chemotherapy, tislelizumab, and subsequent surgery showed
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a pCR in the MSI-H, TMB-H, EBV+ unresectable stage 11
GC patient.

Palliative chemotherapy is a uniform standard treatment
for unresectable GC (39). In general, advanced GC patients
treated with sequential chemotherapy starting with first-
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Figure 4 Follow-up gastroscopy results of stomach lesions at different stages of treatment and macroscopic finding of the resected stomach.

W

Figure 5 Hematoxylin-eosin staining section of the resected stomach. The pathological examination of (A) the scar (original magnification,

x40), (B) interstitial lymphocytes (original magnification, x200) and (C) histiocytes (original magnification, x400), respectively.

line platinum and fluoropyrimidine doublet chemotherapy
have a median survival of less than 1 year (40). The approval
of ICIs (pembrolizumab and nivolumab) in recent years
is one of the most significant advances in the treatment of
unresectable GC (41,42). Compared with chemotherapy
alone, the novel approach of using PD-1/PD-L1 inhibitor
with chemotherapy as a combined therapy has demonstrated
outstanding antitumor activity and tolerability in first-
line treatment for patients with metastatic GC (43). In the
KEYNOTE-062 study, pembrolizumab in combination with
standard chemotherapy was noninferior to chemotherapy
for OS in untreated HER2 negative and PD-L1 positive
(CPS =1) advanced GC (44). Our patient received
tislelizumab, an ICI found to be structurally distinct from
both pembrolizumab and nivolumab (45), which was used
in combination with chemotherapy as conversion therapy.
Two early phase studies (NCT02407990, CTR20160872)

© Annals of Translational Medicine. All rights reserved.

demonstrated that tislelizumab monotherapy is generally
well tolerated and has promising antitumor activity in
patients with advanced solid tumors, including GC (46).
A phase II study (NCT03469557) showed that the
overall response rate (ORR) was 46.7% with a median
duration of response (DoR) of 12.8 months in a G/GE]
adenocarcinoma cohort who received tislelizumab plus
oxaliplatin and capecitabine as first-line therapy (47). This
result is consistent with the findings of the KEYNOTE-062
clinical trial which found ORR was 48.6% and progression-
free survival (PFS) was 6.9 months (48). Taken together,
these results support the use of tislelizumab in combination
with chemotherapy as an effective therapeutic strategy for
advanced GC patients.

Since only a small percentage of patients can benefit from
IClISs, convincing biomarkers are needed to guide the precise
use of PD-1 inhibitors. We presented a GC case with
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locally-advanced, unresectable lesions who was treated with
immunotherapy and chemotherapy. The prescription of
conversion therapy was guided by 1,021-gene panel genetic
testing. The patient’s primary tumor biopsy revealed a high
TMB value (72.96 muts/Mb). High mutational burden is
associated with increased susceptibility to recognition by the
immune system (49). GC cells develop an immune evasion
system by upregulating the surface expression of PD-L1,
which is overexpressed in 40-63% of GC cases (50). These
findings have provided a rationale for immunotherapy
in advanced GC. Patients with high TMB who received
toripalimab as a monotherapy showed a significant superior
OS of about 10 months longer than those with low
TMB (14), which suggests that high TMB may be a
predictive marker for OS improvement in advanced GC
patients receiving ICIs.

The tertiary lymphatic structure (TLS) is an important
part of the tumor microenvironment, which reflects the
host’s anti-tumor immune response. The hematoxylin and
eosin-stained slides were used to measure histopathologically
using the amounts of TLS (51). In gastric cancer, TLS-
rich patients with revealed a better prognosis than TLS-
poor patients (52). Moreover, CD103" T cells in TLS had
a better prognosis in gastric cancer patients (52). B cells
in TLS are correlated with favorable prognosis in patients
with gastric cancer (53). The effect of antitumor immunity
on treatment of gastric cancer would be investigated in
future.

In our patient’s tumor sample, we detected 4 mutations
in the DDR pathway. Patients with these mutations have
a higher ORR and a longer PFS or OS, which supported
the theory that ICIs could potentially be effective in this
case (34,35). In 2014, The Cancer Genome Atlas (TCGA)
categorized 295 cases into 4 distinct molecular subtypes
based on 6 different molecular platforms: EBV+, MSI,
CIN, and genomically stable (GS) GC (54). Separate
follow-up studies have shown that EBV+ tumor is a special
subgroup with CD8+ cytotoxic T-cell infiltration (55)
and robust PD-L1 expression both in cancer cells and
in immune cells (56), leading to a better prognosis after
immunotherapy (57). In addition, an MSI-H GC tumor
suggests a favorable response to ICIs, which may be related
to immunosurveillance (58). Based on the results of genetic
testing in addition to the PD-L1 IHC assay, we learned that
TMB-H, EBV+, and MSI-H may be reliable biomarkers for
immunotherapy in advanced GC patients.

Conversion therapy shows feasibility and efficacy for
initially unresectable advanced GC when distant metastases
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are controlled by chemotherapy. Ramos et al. (25)
retrospectively evaluated the efficacy of conversion therapy
in 100 unresectable metastatic GC patients treated with
docetaxel, cisplatin, and S-1 (DCS) chemotherapy. The
clinical outcomes showed that DCS induced a high
conversion rate (33%), RO resection rate (84.8%), and
pathological response rate (78.8%). Recent case reports have
demonstrated that conversion surgery might help to control
tumor progression and improve efficiency in responders
after chemotherapy and nivolumab, resulting in longer
survival periods of ~2 to 4 years (32,33). However, clinical
significance and convincing biomarkers for conversion
therapy remain uncertain for stage III GC patients with
unresectable lesions. In the present case, we recommended
the patient first undergo genetic testing. Based on the
results of our tests for biomarkers, we selected tislelizumab
combined with chemotherapy for the conversion therapy.
The application of ICIs in frontline treatment followed by
surgical intervention offered our patient with unresectable
advanced GC the clinical benefit of pCR.

Conclusions

In conclusion, the patient presented in our case study
achieved a pCR after conversion therapy involving
chemotherapy, immunotherapy, and a curative resection,
suggesting that tumor tissue genomic testing may have
considerable benefits for unresectable advanced GC patients.
The adoption of conversion therapy and radical RO resection
under the guidance of genetic testing may have great clinical
application potential in the control of tumor progression
for unresectable stage III GC patients. Further clinical
investigations involving larger groups of stage III GC patients
with unresectable lesion are required to investigate clinical
utility of conversion therapy involving immunotherapy.
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Supplementary

Table S1 The 75 single nucleotide variants (SNVs) found in the GC tissue

Gene Transcript c. p. Mutation frequency
ARAF NM_001654.4 c.1199G>A p.R400H 13.90%
MED12 NM_005120.2 c.5711C>T p.A1904V 13.80%
MLH1 NM_000249.3 c.791-1G>T 11.00%
BCORL1 NM_021946.4 ¢.5036C[7>6] p.P1681Qfs*20 11.00%
ETV6 NM_001987.4 c.985G>A p.A329T 10.00%
CHEK1 NM_001114121.2 c.1115G>A p.R372Q 8.00%
SOX9 NM_000346.3 c.1004G>A p.W335* 7.80%
RNASEL NM_021133.3 c.172G[5>6] p.W60Lfs*6 7.40%
FLT4 NM_182925.4 c.1790C>T p.T597M 7.40%
CDH11 NM_001797.2 c.1196G>T p.G399V 7.40%
ROS1 NM_002944.2 c.6773T>C p.12258T 7.30%
EP300 NM_001429.3 c.752A>G p.N251S 7.20%
EPAST1 NM_001430.4 €.2254C>T p.P752S 7.10%
SOX9 NM_000346.3 ¢.1033C[5>4] p.P346Rfs*37 7.10%
JAK3 NM_000215.3 c.523C>T p.R175* 7.10%
MTHFR NM_005957.4 €.659C>T p.A220V 6.90%
FAT1 NM_005245.3 €.9589C>A p.L31971 6.90%
B2M NM_004048.2 c.19T[2>3] p.L7Ffs*50 6.90%
PBRM1 NM_018313.4 c.4133G>A p.G1378D 6.80%
FAM175A NM_139076.2 C.299A>G p.Y100C 6.80%
MAGI2 NM_012301.3 c.1609A>G p.M537V 6.80%
NOTCH1 NM_017617.3 C.2644G>A p.A882T 6.80%
POLE NM_006231.2 c.5312C>T p.T1771M 6.70%
AURKB NM_004217.3 c.809A>G p.N270S 6.70%
MPL NM_005373.2 c.565G>A p.A189T 6.60%
EPHB6 NM_004445.3 c.2130A>C p.E710D 6.60%
BRCA2 NM_000059.3 c.6700T>G p.F2234V 6.60%
RPTOR NM_020761.2 c.928G>T p.G310C 6.60%
SRC NM_198291.1 c.1335G>T p.K445N 6.60%
BARD1 NM_000465.2 €.943C>T p.P315S 6.50%
ATR NM_001184.3 c.1817G>A p.G606D 6.50%
CDK12 NM_016507.2 €.2594T[4>3] p.L866Cfs*2 6.50%
BRIP1 NM_032043.2 c.688T>C p.S230P 6.50%
CD74 NM_001025159.2 c.797G>A p.R266H 6.40%
ACTB NM_001101.3 c.1022T>G p.I341S 6.40%
DDR1 NM_001954.4 c.352T>A p.Y118N 6.30%
B2M NM_004048.2 c.35T>C p.L12P 6.30%

Table S1 (continued)
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Table S1 (continued)

Gene Transcript c. p. Mutation frequency
NOTCH3 NM_000435.2 c.5062T>A p.S1688T 6.30%
PIK3CA NM_006218.2 c.1634A>G p.E545G 6.20%
PDGFRB NM_002609.3 c.1712_1713delCT p.S571Cfs*4 6.20%
FAT2 NM_001447.2 €.2304G>T p.E768D 6.20%
MAP2K1 NM_002755.3 c.199G>A p.D67N 6.20%
SMAD4 NM_005359.5 c.290G>A p.R97H 6.10%
EPCAM NM_002354.2 c.497T>C p.L166P 6.00%
XRCC1 NM_006297.2 c.637G>T p.A213S 6.00%
IGF1R NM_000875.3 c.3469A>G p.T1157A 5.90%
CREBBP NM_004380.2 €.4996G>A p.A1666T 5.90%
RECQL4 NM_004260.3 ¢.3136GAG[2>1] p.E1046[2>1] 5.80%
RECQL NM_002907.3 c.1058A>C p.K353T 5.80%
DICER1 NM_030621.3 c.1469G>A p.R490H 5.80%
EPHA5 NM_004439.5 c.2810G>A p.R937H 5.60%
ROS1 NM_002944.2 c.4596A[6>5] p.N1534Ifs*69 5.60%
MLL2 NM_003482.3 c.7057C[5>4] p.P2354Lfs*30 5.50%
RB1 NM_000321.2 c.2521-1G>T 5.50%
DOTI1L NM_032482.2 c.2011C>A p.L671M 5.50%
POLD1 NM_002691.3 €.31_37delCCCGGGG p.P11Cfs*28 5.50%
SMARCA4 NM_003072.3 €.265C>T p.R89C 5.40%
FAM5C NM_199051.1 c.1261G>A p.E421K 5.30%
EPHB1 NM_004441.4 c.1789C>A p.P597T 5.10%
NSD1 NM_022455.4 C.7703G>A p.G2568E 5.10%
MLL NM_001197104.1 c.11281T>G p.L3761V 5.10%
BRCA2 NM_000059.3 C.9247A[7>6] p.T3085Qfs*19 5.10%
ATR NM_001184.3 €.3396T[7>8] p.N1135*fs*1 5.00%
SMARCB1 NM_003073.3 c.1085AGA[3>2] p.K363[2>1] 4.90%
BUBT1 NM_004336.3 c.1753C>T p.R585C 4.80%
EPHA5 NM_004439.5 c.1443A[6>5] p.N483Tfs*18 4.60%
NSD1 NM_022455.4 €.7697C[4>5] p.G2568Rfs*4 4.50%
EIF2AK3 NM_004836.5 €.2723AG[5>6] p.S912Gfs*23 3.90%
MLL2 NM_003482.3 c.12560G>T p.G4187V 2.40%
LRP1B NM_018557.2 c.5656C>A p.H1886N 1.80%
ARID1A NM_006015.4 ¢.31_56delAGCAGCCTGGGCAA p.S11Afs*91 1.30%
CCCGCCGCCGCC
EP300 NM_001429.3 c.4432C>T p.R1478C 1.30%
PTPRD NM_002839.3 c.2569C>T p.R857C 1.20%
ERRFI1 NM_018948.3 c.529T>A p.S177T 1.10%
ERBB2 NM_004448.2 c.1805G>A p.S602N 1.10%
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