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Abstract
Background  Since June 2019, cancer genomic profiling (CGP) tests have been reimbursed by the National Health Insurance 
system in Japan, with restrictions for government-designated hospitals with a molecular tumor board composed of multi-
disciplinary specialists, known as an expert panel (EP). The standardization of EPs is a critical challenge for implementing 
precision oncology in the clinical setting.
Methods  Data on consecutive cases who underwent the CGP tests at 11 core hospitals between June 2019 and January 2020 
were collected. We evaluated the proportions of cases that received genomically matched treatments, including investigational 
new drugs (INDs) based on CGP results, and/or for which genetic counseling was recommended. Two simulated cases were 
annotated by each EP. The annotated reports were then centrally assessed.
Results  Each EP mainly discussed the applicability to genomically matched treatments and the necessity of performing 
genetic counseling. A pre-review of the report by key members in each EP reportedly made the EP conference more interac-
tive and efficient, and thereby saved time. A total of 747 cases underwent CGP tests, 28 cases (3.7%) received genomically 
matched treatment, and 17 cases (2.3%) were referred for genetic counseling. Annotated reports for the simulated cases 
varied across the EPs, particularly the number of recommended IND trials, which seemed to be associated with the actual 
number of participants in IND trials.
Conclusions  This investigation provides reference data for the application of precision oncology in a clinical setting. Further 
investigations on the standardization of clinical annotations are warranted.

Keywords  Precision oncology · Comprehensive genomic profiling tests · Expert panel · Genetic counseling · 
Investigational new drug trials · Core hospitals

Introduction

Marked advances in precision oncology over the past 
two decades have made genotyping mandatory for most 
advanced cancer patients, as it helps to ensure proper 

therapy selection. Indeed, the National Comprehensive 
Cancer Network (NCCN) and European and Japanese Soci-
eties of Medical Oncology (ESMO and JSMO) practice 
guidelines now include recommendations for genotyping 
to guide therapy selection in at least 16 different types of 
cancer [1–3]. Despite this impressive progress, the pace of 
precision oncology innovations remains limited due to the 
daunting logistical realities of patient identification: many 
actionable targets are present in only a small fraction of 
patients, which means that hundreds or even thousands of 
patients need to be screened.

With the aim of implementing precision oncology in Japan, 
reimbursement has been provided by the National Health 
Insurance System for two comprehensive genomic profiling 
(CGP) tests, the OncoGuide NCC Oncopanel System [4] and 
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the FoundationOne CDx Cancer Genomic Profile [5], since 
June 2019 [6]. The indication is restricted to patients with 
advanced solid tumors with disease progression during stand-
ard therapies or for whom there are no appropriate standard 
treatments, including rare cancers and carcinoma of unknown 
primary [6, 7]. In addition, for the purpose of consolidating 
precision oncology with quality control/assurance in desig-
nated hospitals, the Ministry of Health, Labour and Welfare 
(MHLW) originally designated 11 cancer genomic medicine 
core hospitals and 100 cooperative hospitals in April 2018 [8]. 
Reimbursement for CGP tests is restricted to these designated 
hospitals [6, 9].

Furthermore, before CGP test results are provided to the 
patient by an attending physician, these must be annotated by a 
regularly held intra-institutional molecular tumor board, called 
an expert panel (EP), which consist of multidisciplinary spe-
cialists at each core hospital, including medical oncologists, 
pathologists, genome researchers, medical geneticists, and 
genetic counselors, which are mandatory for a hospital to be 
designated as a core hospital. On the other hand, an attending 
physician working in a cooperative hospital should participate 
in regular EP meetings at the core hospital to which it is tied 
[6]. The EP meeting evaluates the pathogenicity of detected 
variants, the recommendations of genomically matched treat-
ments, including investigational new drugs (INDs) and/or the 
necessity of genetic counseling based on the results of CGP 
tests [6, 10]. Because clinical annotations made by the EPs 
may potentially affect the patient’s actual treatment, the stand-
ardization of the EPs with quality control/assurance would be 
needed for implementing precision oncology in Japan.

In addition, the National Cancer Center (NCC) established 
the Center for Cancer Genomics and Advanced Therapeutics 
(C-CAT) in June 2018, which aggregates both the genomic 
data and clinical information of all patients who receive CGP 
tests in the clinical practice setting, to establish a central repos-
itory system [11]. The C-CAT also provides all of the core and 
cooperative hospitals with a clinical annotation report, called 
“C-CAT Findings” for each patient, which potentially make 
it easier to identify genomically matched treatments and to 
support the standardization of clinical annotation across EPs. 
However, the differences in clinical annotation among EPs 
have not been evaluated. We, therefore, conducted a survey of 
EPs at each core hospital and assessed the performance of EPs 
using two simulated cases.

Methods

Composition of membership and survey 
to investigate the operation and performance of EPs

The investigators, who were representatives of each EP at all 
of the core hospitals, are nominated. On February 27, 2020, 

an investigator meeting was held and the operation and per-
formance of EPs was discussed. As a pre-meeting survey, we 
collected data on consecutive cases in which CGP tests were 
performed at all core hospitals between June 2019 and Janu-
ary 2020 and evaluated the number of cases that received 
genomically matched treatments and in which patients were 
referred for genetic counseling according to the recommen-
dation by the EP. After consultation with the NCC Institu-
tional Review Board (IRB), the IRB officially confirmed that 
the current study does not require IRB approval.

Simulated case preparation

Two simulated cases were developed by medical oncolo-
gists (KS, YN and TY) at the National Cancer Center Hos-
pital (NCCH) and National Cancer Center Hospital East 
(NCCHE), which are the most experienced core hospitals 
and which have performed the largest number of CGP tests 
thus far.

Case 1 was a male with advanced colorectal cancer 
who had failed to respond to standard chemotherapies. 
The patient harbored the following somatic genetic altera-
tions as follows: BRAF V600E, ATM R35*, NF1 Y1521*, 
TP53 R273H, APC c.1312+1G>A, ARAF R326* and 
NTRK2 L138P, and BRCA2 V208G germline variant. Case 
2 was a female with advanced breast cancer whose disease 
progressed on standard therapies, who showed PIK3CA 
H1047R, ERBB2 S310Y and CCND1 amplification. Cases 
1 and 2 were tested by the OncoGuide NCC Oncopanel 
System and FoundationOne CDx Cancer Genomic Profile, 
respectively (Table 1). Simulated CGP result reports of these 
two cases were prepared by the medical oncologists (KS, 
YN, and TY), and simulated C-CAT Findings were prepared 
by C-CAT. Then, these reports (clinical history, results of 
the simulated CGP test and simulated C-CAT findings) were 
delivered to all EPs at core hospitals on December 24, 2019.

Annotation by EPs for simulated cases

Each EP discussed the simulated CGP test results and sim-
ulated C-CAT findings and made recommended genomi-
cally matched treatment according to the evidence level 
and necessity of genetic counseling during their routine 
EP meetings, between December 25, 2019 and January 31, 
2020. Note that the developers of simulated cases (KS, YN, 
and TY) never joined in the discussion at the EP meetings 
for these cases. The evidence level was defined in “Con-
sensus clinical practice guidance for the CGP tests,” which 
was issued by three cancer-related major Japanese societies 
in October 2017 [12]. The annotated reports from each EP 
were centrally assessed by the developers (KS, YN, and TY) 
before the investigator meeting held on February 27, 2020.
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Results

The operation of EPs at each core hospital

At the investigator meeting, investigators from each EP dem-
onstrated their daily work at the EP and we recognized that 
all of the EPs mainly discussed the applicability to genomi-
cally matched treatment, including IND trials, and the neces-
sity of genetic counseling. In addition, for all investigators, 
it was suggested that all pre-reviewing would be carefully 
carried out by the key members of each EP to make the 
conference more interactive and to also save time.

The performance of EPs at each core hospital

A total of 1522 cases (core hospitals, n = 747; cooperative 
hospitals, n = 775) underwent CGP tests from June 2019 to 
January 2020. Among the 747 cases in core hospitals, 28 
cases (3.7%, range 0–7.6%) received genomically matched 

treatments (Table 2); 16 of the 28 cases (2.1%) participated 
in the IND trials and three cases (0.4%) received genom-
ically-matched treatment as an off-label treatment. The 
remaining eight cases (1.0%) received approved molecular-
targeted drugs. The most common treatments were HER2 
inhibitors for ERBB2 alterations (n = 6), followed by FGFR 
inhibitors for FGFR/FGF alterations (n = 4), EGFR inhibi-
tors for EGFR mutations (n = 2), NTRK inhibitors for NTRK 
fusions and mTOR inhibitors for PIK3CA mutations (n = 2) 
(Supplementary Table 1). Regarding the germline find-
ings, 17 of 747 cases (2.3%, range 0–15%) were referred for 
genetic counselling (Supplementary Table 2).

Clinical annotations of Case 1 (Table 3)

Nine of 11 EPs recommended dabrafenib (BRAF inhibitor) 
and trametinib (MEK inhibitor) combination therapy for a 
BRAF V600E mutation. Triplet therapy with encorafenib 
(BRAF inhibitor), binimetinib (MEK inhibitor), and 

Table 1   Clinical information 
and the CGP results of 
simulated cases

N/A not applicable, CGP comprehensive genomic profiling, SNV single-nucleotide variant, CNV copy 
number variant, FOLFOX oxaliplatin, folinic acid and 5-fluorouracil, FOLFIRI irinotecan, folinic acid 
and 5-fluorouracil, BRAF V-Raf murine sarcoma viral oncogene homolog B1, ATM ataxia telangiectasia 
mutated, NF1 neurofibromatosis type I, TP53 tumor protein p53, APC adenomatous polyposis coli, ARAF 
V-Raf murine sarcoma 3611 viral oncogene homolog 1, NTRK2 neurotrophic tyrosine receptor kinase 2, 
BRCA2 breast cancer susceptibility gene 2, PIK3CA phosphoinositide-3-kinase, catalytic, alpha polypep-
tide, ERBB2 human epidermal growth factor receptor 2, CCND1 cyclin D1

Case 1 Case 2

Gender Male Female
Age 50s 40s
Tumor type Colon cancer Breast cancer (ER+, PgR+, HER2 1+)
Previous chemotherapies
 1st line FOLFOX + bevacizumab Anastrozol
 2nd line FOLFIRI + cetuximab Fulvestrant + palbociclib
 3rd line Investigational drug Paclitaxel + bevacizumab
 4th line Regorafeinib Eriblin
 5th line – Capecitabin
 6th line – Doxorubicin + cyclophosphamide

Family history of cancer Mother: breast cancer (40s) N/A
Sister: breast cancer (50s)

Medical history Hypertension N/A
Type of GCP test OncoGuide™ NCC oncopanel FoundationOne® CDx
Detected SNVs and CNVs Somatic variants

BRAF V600E PIK3CA H1047R
ATM R35* ERBB2 S310Y
NF1 Y1521* CCND1 amplification
TP53 R273H
APC c.1312+1G>A
ARAF R326*
NTRK2 L138P
Germline variant
BRCA2 V208G
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cetuximab was recommended by four sites (Sites C, E, I 
and K) because the triplet/doublet (encorafenib plus cetuxi-
mab) regimens showed a survival benefit in pre-treated 
metastatic colorectal cancer patients with BRAF V600E 
mutation in the BEACON global phase 3 trial [13, 14]. 
Although the ANCHOR global phase 2 trial with the triplet 
regimen was ongoing in Japan at that time, the eligibility 
was restricted to chemotherapy-naïve patients; thus, the 
other seven sites did not recommend it [15]. TP0903, an 
AXL kinase inhibitor, was recommended by Sites F and I 
[16]. For ATM truncating mutation, two sites (Sites E and F) 
recommended BAY-1895344, ATR inhibitor [17], and Site 
E recommended talazoparib plus avelumab [18]. Regarding 
other candidate therapies, LXH254 (a pan-RAF inhibitor) 
[19], TP0903, TAK931 (a CDC7 inhibitor) [20], and olapa-
rib (based on a phase 2 trial for advanced solid tumors) [21], 

and talazoparib + avelumab were considered by Site A, while 
trametinib was considered by Site F. Site G concluded that 
there was no recommendation and dabrafenib and trametinib 
therapy was considered as a treatment option. All 11 sites 
annotated BRCA2 V208G as a germline variant of uncer-
tain significance (VUS). Considering the familial history 
of breast cancers, two EPs (Sites D and H) recommended 
genetic counseling (Supplementary Table 3).

Clinical annotations of Case 2 (Table 4)

One site (Site D) recommended everolimus plus exemes-
tane for PIK3CA mutation. That regimen was also consid-
ered as a treatment option by Sites A, F and J. Alpelisib or 
PI3K inhibitor, which are approved by the FDA for hormone 
receptor-positive breast cancer with PIK3CA mutation [22], 

Table 2   The performance of 
each expert panel

Core hospital No. of patients underwent 
the CGP test

No. of patients received 
“matched” therapies

No. of patients 
referred to genetic 
counseling

A 75 3 3
B 60 2 0
C 5 0 0
D 41 0 1
E 160 16 5
F 172 4 2
G 13 1 2
H 13 0 0
I 98 0 0
J 24 0 2
K 86 2 3
Total 747 28 (3.7%) 18 (2.4%)

Table 3   Clinical annotation for simulated case 1

– not recommended/considered therapies

Core hospital Recommended therapy Considered therapy

A Dabrafenib + trametinib LXH254, TP0903, olaparib, talazo-
parib + avelumab, BAY1895344, 
TAK-931

B Dabrafenib + trametinib –
C Binimetinib + cetuximab + encorafenib –
D Dabrafenib + trametinib –
E Binimetinib + cetuximab + encorafenib, Dabrafenib + trametinib, talazoparib + ave-

lumab, BAY1895344
–

F Dabrafenib + trametinib, TP0903, BAY1895344 Trametinib
G – Dabrafenib + trametinib
H Dabrafenib + trametinib –
I Binimetinib + cetuximab + encorafenib, Dabrafenib + trametinib, TP0903 –
J Dabrafenib + trametinib –
K Binimetinib + cetuximab + encorafenib, dabrafenib + trametinib, PARP inhibitor –
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were recommended by three sites (Sites H, I, and K), but 
not recommended by the other 8 sites due to closure of the 
clinical trial in Japan. Trastuzumab deruxtecan was recom-
mended by two sites (Sites C and D) for HER2 IHC1+ [23]. 
No sites evaluated ERBB2 S310Y and CCND1 amplification 
as druggable. Two sites (Sites B and G) concluded that no 
genomically matched treatment was available for this patient 
(Supplementary Table 4).

Discussion

We reported the initial assessment of the performance of 
each EP at core hospitals. In the first 8 months after the 
implementation of reimbursement for CGP tests, 747 cases 
(ranging 5–172 cases) were tested at 11 core hospitals and 
3.7% of these cases received genomically matched treatment. 
In terms of germline findings, 2.4% of tested cases were 
referred for genetic counseling. While more than half of 
these cases participated in IND trials, 11% of cases received 
matched drugs as an off-label treatment. The findings serve 
as reference data for assessing the improvement in precision 
oncology in Japan in the future. We also demonstrate that the 
clinical annotations of CGP tests varied across EPs, which 
seemed to be associated with the recognition of the latest 
information regarding the recruitment status and the eligi-
bility of candidate for IND trials. Because such information 
cannot be tacked on by the C-CAT, it might be necessary to 
establish a framework to share the latest information of IND 
trials across all EPs. In the United States, a virtual molecu-
lar tumor board (VMTB), cloud-based computing technol-
ogy for integrating the CGP results of each patient with a 
genomic knowledge base to provide an annotation report on 
candidate trials, showed clinical utility not only for standard-
izing clinical annotations but also for improving the efficacy 

of on-site molecular tumor boards [24]. A VMTB may also 
be an option for Japan.

In previous reports of research-based genomic screening 
projects, 3–20% of patients received genomically matched 
treatment on the basis of their CGP test results [25–34]. 
Our study showed that 3.7% of patients received genomi-
cally matched treatment; this percentage seems to be lower 
in comparison to previous reports. One potential reason 
for this finding is due to the fact that the CGP tests were 
mainly reimbursed for patients who had no option other 
than to receive the best supportive care. Based on the data 
obtained from both NCI-MATCH and SCRUM-Japan GI 
SCREEN, nationwide genomic screening projects for refrac-
tory patients who have no systemic treatment options, the 
proportion of patients who enrolled in the matched clinical 
trials was 2.4% and 2.2% [34, 35], which was similar to the 
proportion reported in our study. Fundamentally, in addi-
tion to refractory patients, precision oncology should also be 
applied to non-refractory patients. Recently, the “Consensus 
clinical practice guidance for CGP tests” was updated and 
now recommends CGP test would be recommended, regard-
less of the line of treatment [36, 37].

Our study has demonstrated the actual data related to the 
clinical utility of the CGP test in core hospitals in the clinical 
setting. However, one limitation associated with our study 
is due to the fact that the data from cooperative hospitals 
could not be evaluated since the information regarding the 
post-expert panel clinical course of cases in these hospitals 
was not available.

Along with the current increase in the number of CGP 
tests across Japan, in September 2019, the MHLW estab-
lished a new designated hospital category, called hub hos-
pitals, which are positioned between core and cooperative 
hospitals [38]. Hub hospitals are required to establish an EP. 
Thus, the total number of designated hospitals has recently 
been expanded to 12 core, 33 hub and 165 cooperative hos-
pitals [38]. Considering the increased numbers of hospitals 
(core and hub) carrying out EPs, the standardization of clini-
cal annotations has become more relevant to maintaining 
quality control/assurance of precision oncology in Japan.

We are conducting a further study to develop consensus 
clinical annotations using another 100 simulated cases cov-
ering genomic alterations that are observed with high fre-
quency (approximately 70% of clinical cases) with reference 
to The Cancer Genome Atlas (TCGA) database (accessed 
2 April 2020) [39], as an official educational material for 
EPs across Japan, and hopefully worldwide. We will also 
assess the learning effect using this educational material. We 
believe that our further study will help with the standardiza-
tion of all EPs.

In conclusion, this is an initial report on the performance 
of EPs in core hospitals after the implementation of reim-
bursement for CGP. This report is also the first to raise issues 

Table 4   Clinical annotation for simulated case 2

– not recommended/considered therapies

Core hospital Recommended therapy Considered therapy

A – Everolimus + exemestane
B – –
C Trastuzumab deruxtecan –
D Everolimus + exemestane, 

trastuzumab deruxtecan
–

E Trastuzumab deruxtecan –
F – Everolimus + exemestane
G – –
H Alpelisib Afatinib
I Alpelisib, niratinib –
J – Everolimus + exemestane
K PI3K inhibitor –
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regarding the uniformity of the process and the quality of 
recommendations that have a great impact on decision-
making by patients and attending physicians on EPs at core 
hospitals. Further investigation on the standardization of EPs 
is warranted.
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