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abstract

PURPOSE Genomic profiling programs have been implemented to apply next-generation sequencing (NGS) for
facilitating trial enrollment. SCRUM-Japan GI-SCREEN is a large-scale genomic profiling program in advanced
gastrointestinal cancers using a validated genomic assay with the goal of facilitating enrollment in targeted
clinical trials, generating real-world data, and performing clinicogenomic analysis for biomarker discovery.

PATIENTS ANDMETHODSGenotyping of tumor tissue samples from 5,743 patients with advanced gastrointestinal
cancers enrolled in GI-SCREEN was centrally performed with NGS. Patients were enrolled in matched trials of
targeted agents affiliated with GI-SCREEN on the basis of genotyping results.

RESULTS A total of 11 gastrointestinal cancers were included, with colorectal cancer being themost common. The
median age ranged from 59 to 70.5 years across cancer types. Patients enrolled after initiation of first-line
treatment had significantly longer overall survival (OS) than that before treatment initiation with a median survival
time difference of 8.9 months and a hazard ratio (HR) ranging from 0.25 to 0.73 across cancer types, dem-
onstrating an immortal time bias. One hundred and forty-nine patients received matched therapies in clinical trials
on the basis of their identified alterations. Among patients with colorectal cancer harboring actionable alterations,
the median OS was significantly longer in patients who received matched therapies in trials than in those who did
not (HR, 0.52; 95% CI, 0.26 to 1.01; P = .049). Cancer-specific pathway alterations were significantly associated
with shorter survival and related to primary resistance to matched trial therapies.

CONCLUSION Our genomic profiling program led to patient enrollment in targeted clinical trials and improved
survival of patients with colorectal cancer who received matched therapies in clinical trials. To avoid immortal
time bias, precautions are needed when using data from patients who have undergone NGS testing after
initiation of the evaluated treatment line.
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INTRODUCTION

The importance of personalized treatment has greatly
increased to improve clinical care for patients
with cancer. Comprehensive genomic profiling using
next-generation sequencing (NGS) has been widely
accepted for certain types of cancers.1 Although
large-scale genomic profiling programs have been
implemented to apply clinical sequencing to precision
oncology by facilitating clinical trial enrollment,2-4 the
survival benefit of these profiling programs remains
unknown. Since NGS testing is generally performed on

patients receiving systemic therapy,5 the evaluation of
the benefit of treatments in clinical trials on the basis of
clinical sequencing must carefully address bias
caused by an immortal time, the follow-up period
during which death or the study outcome cannot
occur.6 Nevertheless, the impact of immortal time bias
is not well understood in genomic profiling programs.
Biomarker exploration is another potential purpose of
genomic profiling studies.

One example of a genomic profile program is the
Cancer Genome Screening Project for Individualized
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Medicine in Japan (SCRUM-Japan), which included pa-
tients with advanced solid tumors through a collaboration
among medical institutions across Japan and aimed to
realize cancer precision medicine.7,8 GI-SCREEN, one
component of SCRUM-Japan, profiles genomic alterations
of advanced gastrointestinal cancers using a validated
genomic assay and collects quality-assured clinical data
with the goal of (1) facilitating enrollment in targeted clinical
trials, (2) generating regulatory-grade real-world data, and
(3) performing high-level clinicogenomic analysis for bio-
marker discovery (Fig 1).

To address these issues, we aimed to evaluate the survival
benefit of targeted clinical trials and explore the genomic
alterations in oncogenic signaling pathways, their impact
on survival and their relationship with the efficacy of

targeted clinical trials by using GI-SCREEN, a large-scale
qualified clinicogenomic data set of advanced gastroin-
testinal cancers.

PATIENTS AND METHODS

Study Design

SCRUM-Japan GI-SCREEN is a nationwide tumor tissue
cancer genomic profiling study involving 26 core cancer
institutions in Japan8 that primarily aim to accelerate de-
velopment and improve care by matching patients to
suitable clinical trials. The key inclusion criteria were as
follows: (1) histopathologically confirmed unresectable or
metastatic gastrointestinal cancer, (2) receipt (or planned
receipt) of systemic therapy, (3) age 20 years and older, (4)
an Eastern Cooperative Oncology Group performance

CONTEXT

Key Objective
Using a large-scale genomic profiling program (SCRUM-Japan GI-SCREEN), we evaluated the immortal time bias, survival

benefit of patients who were enrolled in targeted clinical trials, and genomic alterations associated with prognosis in
gastrointestinal cancers.

Knowledge Generated
Patients who underwent genomic profiling after the initiation of first-line treatment had a longer overall survival (OS) than those

before first-line treatment, demonstrating an immortal time bias. Matched therapies in clinical trials improved OS in patients
with colorectal cancer harboring actionable alterations. Cancer-specific pathway alterations were significantly associated
with shorter survival and related to primary resistance to matched therapies in clinical trials.

Relevance
A large-scale genomic profiling program could allow patient enrollment in targeted clinical trials and improve survival of

patients who received matched therapies in clinical trials.

Clinical data

Electronic data capture
Quality assurance and control

Oncomine comprehensive assay
MSI testing

Tissue samples

26 institutions in
15 prefectures

SCRUM-Japan GI-SCREEN

Patients with advanced 
gastrointestinal cancers

(N = 5,743)
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FIG 1. Study schema of SCRUM-Japan GI-SCREEN. Patients with advanced gastrointestinal cancers were enrolled in the SCRUM-Japan
GI-SCREEN involving 26 core cancer institutions in Japan. Tumor tissue samples from the enrolled patients were analyzed using the
Oncomine Comprehensive Assay. Clinicopathologic information and efficacy data of systemic therapy were collected using an electronic
data capture system and were finalized by completion of the resolution of autogenerated and manually added queries from the
SCRUM-Japan Data Center. The collected data were used to assign patients to targeted clinical trials, generate real-world evidence, and
perform clinicogenomic analysis. MSI, microsatellite instability.
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status score of 0-1, (5) adequate organ function, and (6)
available tumor tissue. All eligible patients provided written
informed consent and were enrolled immediately after
consent, either before the initiation of the first-line treat-
ment or during the first-line or subsequent treatment line.
Genotyping of archival or fresh tumor tissue samples from
enrolled patients was centrally performed using the
Oncomine Comprehensive Assay (OCA; Thermo Fisher
Scientific, Waltham, MA). Details regarding testing are
provided in the Data Supplement.

The SCRUM-Japan GI-SCREEN was initiated in February
2015, and enrollment was completed in April 2019, before
the initiation of the subsequent SCRUM-Japan study,
MONSTAR-SCREEN.7 GI-SCREENCRC for colorectal cancer
and GI-SCREEN Non-CRC for noncolorectal gastrointestinal
cancers were conducted in accordance with the Declaration
of Helsinki and the Japanese Ethical Guidelines for Medical
and Health Research Involving Human Subjects. All study
protocols were approved by the institutional review board of
each participating institution and registered in the University
Hospital Medical Information Network (UMIN) Clinical Trials
Registry (protocol IDs: UMIN000016343 for GI-SCREEN
CRC and UMIN000016344 for GI-SCREEN Non-CRC).

Clinical Data Collection and Matching of Patients to

Clinical Trials

Clinicopathologic information and efficacy data of systemic
therapy of the patients enrolled in the GI-SCREEN were
collected using an electronic data capture system. Clinical
data were updated annually. All data were finalized by
combining the autogenerated and manually added queries
from the SCRUM-Japan Data Center. The clinical data and
genotyping results were stored in a clinical-grade database
and used for integrated clinicogenomic analysis.

The patients were enrolled in matched clinical trials of
targeted agents affiliated with GI-SCREEN on the basis of
their genotyping results. The affiliated trials comprised
company-sponsored and investigator-initiated trials. If a
patient’s matched trial was unavailable at patient’s insti-
tution, they were referred to the institution conducting the
trial through the SCRUM-Japan GI-SCREEN network. En-
rolled patients were treated according to the protocol of
each clinical trial. Deidentified efficacy data were used for
the survival analysis of targeted therapies in clinical trials.

Outcomes and Statistical Analysis

The primary end points were the prevalence of genomic
alterations and the association between genomic alter-
ations and survival outcomes. The response to the targeted
agents was assessed per Response Evaluation Criteria in
Solid Tumors version 1.1 by local site investigators. In this
study, progression-free survival (PFS) was estimated for
each matched therapy in clinical trials and defined as the
time from the date of initiation of thematched therapy to the
date of disease progression according to investigator as-
sessment or death from any cause. Overall survival (OS)

was estimated from the date of initiation of the first-line
treatment to the date of death. The Kaplan-Meier method
was used to estimate survival rates, and the treatment
groups were compared using the log-rank test. Multivariate
analysis for OS according to clinical factors or pathway
alterations was conducted using the Cox proportional
hazards model with calculation of the hazard ratio (HR) and
95% CI. All available clinical factors and pathways were
included in the multivariate analysis. Data from patients
who had never received systemic therapy were excluded
from survival analysis. To assess the immortal time bias, the
OS was compared between patients enrolled after versus
before the initiation of first-line treatment for each cancer
type. This analysis for immortal time bias was conducted
post hoc to evaluate the factors associated with the long OS
of patients enrolled in the GI-SCREEN. No sample size
calculation was performed because the present study was
observational in nature. Statistical analyses were performed
using SAS (version 9.4). The data cutoff for the analyses
was November 30, 2020. All P-values of ,0.05 were
considered statistically significant.

RESULTS

Patient Characteristics

Of the 5,743 patients with advanced gastrointestinal can-
cers enrolled in the GI-SCREEN between February 2015
and April 2019, clinical data were available for 5,737
(99.9%) patients (Data Supplement). The baseline char-
acteristics of the patients with each cancer type are
summarized in the Data Supplement. The median age
ranged from 59 to 70.5 years across cancer types. More
males were enrolled than females in all cancer types ex-
cluding appendiceal cancer.

Impact of Immortal Time Bias on OS Time in Real-

World Data

Using data from 5,389 patients for whom survival outcome
data were available (median follow-up time, 25.0 months;
total number of events, 3,806), we analyzed OS and found
that our cohort had a better OS than those in previous
pivotal trials of first-line treatment. For example, the median
OS of patients with metastatic colorectal cancer in
GI-SCREEN was 39.6 months (95% CI, 37.4 to 41.1
months), which was notably longer than the median OS of
27-30 months reported in recent pivotal trials9-11 (Fig 2A).
The long OS observed in this cohort may be because more
than 80% of the patients included in GI-SCREEN were
enrolled after the initiation of first-line treatment, suggesting
the presence of immortal time bias (because GI-SCREEN
would not include patients who died before genomic
profiling, Fig 2B). To address this hypothesis, we compared
the OS of patients enrolled after versus before the initiation
of first-line treatment for each cancer type, excluding those
with anal canal cancer since no patients were enrolled
before treatment initiation. The comparative analysis
showed that patients enrolled after the initiation of first-line
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treatment had a longer OS with a median difference in
survival time of 8.9 months and a HR ranging from 0.25 to
0.73 across cancer types (Fig 2C). For example, the me-
dian OS was 41.2 months (95% CI, 39.7 to 42.8 months)
and 28.0 months (95% CI, 25.7 to 32.1 months) in patients
with metastatic colorectal cancer enrolled after and before
the initiation of first-line treatment, respectively (HR, 0.63;
95%CI 0.55 to 0.72; P, .0001). This trend persisted in the
multivariate analysis (Data Supplement). The median OS of
patients who were enrolled before treatment initiation
(treatment-naı̈ve patients) was closer to that in previous
trials9-11 (Fig 2A).

Outcome of Patients Enrolled in Targeted Clinical Trials

Of the 5,620 patients with tissue samples, 4,598 (82%) had
conclusive OCA results. Actionable alterations classified as
tier 1 or 2 were identified at different frequencies, ranging
from 7.5% in liver cancer to 89.3% in pancreatic cancer
(Fig 3A). This implies a different utility of comprehensive
genomic profiling across gastrointestinal cancers.

As of the data cutoff date, 149 patients were enrolled in
clinical trials on the basis of the identified alterations and
had received matched trial therapies. Among these pa-
tients, the most common cancer type was colorectal
cancer, followed by biliary tract, esophageal, and gastric
cancers (Data Supplement), and the most frequently tar-
geted altered genes were BRAF, ERBB2, FGF/FGFR,

microsatellite instability-high (MSI-H), and PIK3CA (Data
Supplement). The proportion of patients with actionable
alterations enrolled in trials reached approximately 10% as
the number of targeted clinical trials affiliated with the
GI-SCREEN increased in 2018 (Fig 3B). Among the
matched therapies administered to at least four patients,
the objective response rate was high for therapies targeting
PD-1/PD-L1 (72%), HER2 (39%), and BRAF (37%),
whereas few or no responses were achieved with therapies
targeting FGFR, PI3K/AKT, and poly (ADP-ribose) poly-
merase (PARP) (Fig 3C). The median PFS was not reached
in patients receiving PD-1–/PD-L1–targeted therapy and
was at least 4 months in those receiving therapies targeting
HER2, BRAF, and PARP (Fig 3D). To evaluate the OS
benefit of matched therapy in clinical trials on the basis of
identified biomarkers in patients with colorectal cancer, we
compared the OS between patients with actionable alter-
ations who received matched trial therapy and those who
did not. In this analysis, patients enrolled in GI-SCREEN
after initiation of first-line treatment were excluded to
eliminate the effect by immortal time bias shown above.
Among treatment-naı̈ve patients with colorectal cancer
harboring actionable alterations that excluded the immortal
time bias, themedian OSwas significantly longer in patients
who received matched therapies in clinical trials than in
those who did not receive matched therapy (HR 0.52; 95%
CI, 0.26 to 1.01; P = .049; Fig 3E).

Cancer No.
OS, Months

(95% CI)

OS, Months (95% CI)
Enrolled After Initiation
of First-Line Treatment

OS, Months (95% CI)
Enrolled Before Initiation
of First-Line Treatment

Colorectal cancer

Gastric cancer

Esophageal cancer

Pancreatic cancer

Biliary tract cancer

Small intestine cancer

GIST

Neuroendocrine
tumor/cancer

Hepatocellular
carcinoma

Appendiceal cancer

Anal canal cancer

2,622 39.6 (37.4 to 41.1) 41.2 (39.7 to 42.8) 28.0 (25.7 to 32.1)

1,101

604
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87
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62

59
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13
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18.9 (17.4 to 20.4)

18.9 (16.5 to 20.8)

25.5 (18.7 to 30.8)

100.6 (75.7 to 155.6)

29.6 (23.5 to 55.9)

26.3 (20.7 to 39.9)

32.6 (25.8 to 44.6)

50.0 (11.8 to NR)

23.2 (21.8 to 25.0)

23.4 (20.0 to 25.0)

19.9 (18.3 to 21.5)

19.5 (16.7 to 21.4)

25.8 (19.5 to 31.4)

107.1 (75.7 to 155.6)

31.7 (23.5 to 62.2)

26.9 (21.4 to 56.7)

32.6 (24.8 to 50.2)

50.0 (11.8 to NR)

15.6 (12.8 to 19.2)

13.6 (7.0 to 19.4)

13.2 (9.5 to 15.9)

14.8 (8.9 to 18.4)

12.6 (2.7 to NR)

NR (1.1 to NR)

22.8 (3.6 to NR)

23.4 (10.3 to NR)
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NE

A
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FIG 2. Immortal time bias of OS. (A) OS of patients enrolled in the overall population and patients enrolled after and before the initiation of first-line treatment.
(B) Schematic of immortal time bias in clinical sequencing studies. Patients who died before genomic profiling would never have been enrolled. (C) Hazard
ratio of the OS of patients enrolled after versus before the initiation of first-line treatment. GIST, gastrointestinal stromal tumor; NE, not evaluated; NR, not
reached; OS, overall survival.

4 © 2023 by American Society of Clinical Oncology

Nakamura et al



Genomic Alterations in Oncogenic Signaling Pathways

and Survival Outcome

To explore the potential oncogenic signaling pathways
related to the prognosis in gastrointestinal cancers, we
evaluated genomic alterations related to 10 canonical
oncogenic signaling pathways curated through a combi-
nation of computational methods and expert review in The
Cancer Genome Atlas project.12 For each tumor type, the
fraction of samples with at least one pathogenic alteration
(mutation, amplification, or gene fusion) in each of the 10
oncogenic signaling pathways was computed. Receptor
tyrosine kinase (RTK)/RAS (15.0%-89.5%) and p53
(8.2%-75.5%) pathway alterations were most frequently
involved in gastrointestinal cancers (Fig 4A). KRAS mu-
tation was the most frequently identified RTK-/RAS-related
alteration in colorectal, pancreatic, biliary tract, small in-
testine, appendiceal, and anal canal cancers and neuro-
endocrine tumors/cancers. The lowest prevalence of

genomic alterations in the 10 pathways analyzed was
observed in patients with gastrointestinal stromal tumors
and with hepatocellular carcinoma (45% and 55%,
respectively).

A multivariate analysis showed that the pathways signifi-
cantly associated with shorter OS were the RTK/RAS and
TGFB pathways in colorectal cancer, the NOTCH and WNT
pathways in gastric cancer, the RTK/RAS pathway in
pancreatic and biliary tract cancers, the cell cycle and MYC
pathway in neuroendocrine tumors, the p53 pathway in
hepatocellular carcinoma, and the p53 and TGFB path-
ways in appendiceal cancer (P , .05; Figs 4B-4D and
Data Supplement). The relationship between OS and each
genomic alteration involving the RTK/RAS pathway showed
that most genomic alterations were associated with a worse
prognosis in colorectal, pancreatic, and biliary tract
cancers (Figs 4B-4D). Fusions in RTK-/RAS-related genes,
such as ALK, NTRK3, RET, and ROS1, were strong
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FIG 3. Efficacy of matched therapies in patients enrolled in affiliated clinical trials. (A) The prevalence of patients with tier 1 or 2 genomic alterations as the
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partial response; RECIST, Response Evaluation Criteria in Solid Tumors; SD, stable disease; SOC, standard of care.
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negative prognostic factors for patients with colorectal
cancer (HR, .2). The relationships in other pathways are
shown in the Data Supplement.

To evaluate whether oncogenic signaling pathways affected
the efficacy of targeted trials, we performed multivariate
analysis to assess the association of pathway alterations
with PFS of patients who received matched therapies in the
matched trials. PI3K pathway alterations in HER2-targeted
therapies (HR, 13.2; P = .003) and MYC pathway alter-
ations in FGFR-targeted therapies (HR, 54.6; P = .022)
were significantly associated with shorter PFS (Data
Supplement).

DISCUSSION

Although global genomic profiling programs have been
implemented to facilitate patient enrollment in targeted clinical
trials, it remains unclear whether these programs improve
patient outcomes. Our evaluation of large-scale qualified
clinicogenomic data fromSCRUM-JapanGI-SCREEN showed

the effect of immortal time bias on survival in a real-world
setting and the relationship of oncogenic signaling pathway
alterations with prognosis and the efficacy of matched ther-
apies in clinical trials. The SCRUM-Japan GI-SCREEN col-
laborative network, which achieved 99.9% completeness of
clinical data, made this high-quality study possible, whereas
electronic health record–based real-world databases generally
miss clinical data in 30%-40% of the population.13,14

The impact of immortal time biases has been unclear in
genomic profiling programs targeting patients with ad-
vanced cancers who underwent NGS testing primarily
aimed at assessing eligibility for clinical trials of targeted
agents during their treatment course. Our evaluation
revealed that patients who underwent NGS testing after the
initiation of first-line treatment had a longer OS than those
who underwent NGS testing before first-line treatment, with
a median difference in survival time of 8.9 months and HRs
of 0.25-0.73 for different cancer types. Since most clinical
trials enroll patients who have completed standard
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therapies, NGS is generally performed for patients re-
ceiving systemic therapy and are likely to be eligible for
clinical trials.5 Therefore, the real-world population with
available NGS results does not include patients who did
not undergo NGS testing for reasons such as deterio-
ration of their condition after the initiation of systemic
therapy, which may cause immortal time bias. Indeed,
the difference in the OS observed between patients who
underwent NGS before and after the initiation of systemic
therapy was significant and thus cannot be ignored.
Although studies evaluating survival outcomes using
real-world data have increased,15,16 real-world data of
patients receiving NGS have been used in few studies, in
which OS was longer than that in clinical trials as seen in
the GI-SCREEN program.17,18 To avoid immortal time
bias, precautions are needed when using data from
patients who have undergone NGS testing after the
initiation of the evaluated treatment line.

The most important aim of SCRUM-Japan GI-SCREEN is the
systemic application of comprehensive genomic profiling to
enroll patients with advanced gastrointestinal cancers har-
boring actionable alterations for whom few treatment options
are available. Patients who received matched therapies in
clinical trials on the basis of the actionable alterations
identified in GI-SCREEN had an objective response rate and
a PFS comparable with those achieved in pivotal clinical
trials.19-25 Furthermore, the median OS of patients with co-
lorectal cancer who had actionable alterations and received
matched therapy in clinical trials was approximately
7 months longer than that of patients with actionable alter-
ations receiving unmatched therapy in the treatment-naı̈ve
population. This survival benefit of molecularly matched
therapy may support comprehensive genomic profiling using
NGS for patients with advanced gastrointestinal cancers to
improve their survival. Although the efficacy of a part of these
matched therapies is already known because some drugs
used in trials, such as immune checkpoint inhibitors for MSI-
H disease and encorafenib plus cetuximab for BRAF
V600E–mutant colorectal cancer, have been approved, the
utility of genomic profiling in our data can be applied in
current standard of care and screening for clinical trials. In
this population, patients without actionable alterations had a
comparable prognosis with those with actionable alterations
receiving matched therapy, possibly because of the lack of
resistance to systemic therapy because of actionable alter-
ations and the survival benefit of anti-EGFR therapy in pa-
tients with RAS wild-type colorectal cancer.

Our pathway-level analysis successfully identified the biologic
signaling pathways that are truly prognostically relevant in
each cancer type by classifying genomic alterations with
similar functions into 10 oncogenic signaling pathways. The
RTK/RAS pathway was the significant pathway relevant to

poor prognosis in colorectal, pancreatic, and biliary tract
cancers. This underlies the significance of a strategy targeting
downstream proteins in this pathway, such as KRAS G12C,
developed recently, in addition to conventional antibody
drugs against RTK proteins.26 Pathway analysis also showed
the potential resistance mechanism against molecularly
targeted therapy: the PI3K pathway for HER2-targeted
therapy and the MYC pathway for FGFR-targeted therapy.
The involvement of pathway alterations in resistance to tar-
geted therapy warrants further evaluation of the mechanisms
and potential combination strategies to overcome resistance.

An important limitation of this study was that the survival
analyses were conducted retrospectively. The bio-
marker for the efficacy of targeted therapy was explored
using data on genomic alterations of archival tumor
tissue samples collected before clinical trials. Never-
theless, the efficacy of the matched therapy and the
association between pathway alterations and prognosis
were consistent with those reported in previous studies.
Patients who received matched therapy had a limited
number of events because of the analysis only for those
who were enrolled before initiation of systemic treat-
ment. The survival benefit of genomic profiling needs to
be further evaluated. In addition, pathway analysis
targeted only genomic alterations but not other mo-
lecular abnormalities, such as transcriptomic and
proteomic alterations. To address this, we recently
launched a new comprehensive molecular profiling
study, MONSTAR-SCREEN-2 (UMIN000043899), in
which multiomics analyses are performed for patients
with solid tumors to evaluate the biologic behavior of an
accurate multilayered network of oncogenic signaling
pathways.7

In conclusion, our nationwide large-scale genomic profiling
program led to patient enrollment in targeted clinical trials
and improved survival of patients with colorectal cancer
who received matched therapies in clinical trials. Although
the proportion of patients enrolled in trials was low in total, it
had increased as the number of trials affiliated with
GI-SCREEN was expanded, suggesting that genotyping
screening and availability of clinical trials are crucial to
accelerating clinical trial enrollment. As novel types of
treatments, such as antibody drug conjugates, immuno-
therapy, and cell therapy, have been developed, the de-
mand for the latest diagnostic technologies has increased.
The SCRUM-Japan platform has applied liquid biopsy
technologies and multiomics approach to develop such
therapies. These ongoing studies will reinforce the utility of
molecular profiling programs in the new era of cancer
therapy and uncover the detailed cross-talk mechanisms
among oncogenic signal transduction pathways in the
future.
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