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Abstract
RAS family genes (HRAS, KRAS and NRAS) were frequently observed in several tumors. The expression of constitutively active
RAS proteins mediated by RAS variations promote the development of tumors. KRAS is an important prognostic and drug
resistance biomarker. It would also be a promising drug target. Several trials which evaluating the efficacy of RAS G12C inhibitor
in solid tumors are initiated. Herein, we analyzed the alterations status of KRAS/NRAS/HRAS across diverse solid tumors. The
sing nucleotide variants (SNV) and copy number variants (CNV) data of 17993 Chinese patients from 22 types of cancer were
obtained in our database. Genomic profiling of DNA was performed through a next-generation sequencing on tissue. Only the
pathogenic mutations and likely pathogenic mutations in clinical significance were rolled into our analysis. Among 17993 pan-
cancer patients, the total RAS variants frequency was 22.58%. KRAS was the most frequently altered, followed by NRAS and
HRAS. For the SNV, KRAS were most commonly found in pancreas cancer, intestine cancer and colorectal cancer. Further
analysis among KRAS SNV patients showed that the mutation frequency of KRAS G12C, G12D, G12R, and G12V was 1.81%,
6.81%, 0.69% and 4.25%, respectively. A total of 21 in 22 types of solid tumors had KRAS G12C/D/R/V pathogenic or likely
pathogenic mutation, which occurred most frequently in colorectal cancer, pancreas cancer and lung cancer. Our results suggested
that a variety of solid tumors may harbor KRAS G12C/D/R/V mutation. These patients may benefit from KRAS inhibitors.
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Background

RAS pathway plays an important role in the control of
major cellular processes, such as cell proliferation, differ-
entiation, cytoskeletal modulation, and survival [1].

Alterations of RAS family genes (HRAS, KRAS and
NRAS) were frequently observed in a variety of tumors.
KRAS and HRAS genes are identified as the transforming
genes of the Harvey and Kirsten strains of oncogenic ret-
roviruses, respectively. Whereas, NRAS is named for hav-
ing been discovered in human neuroblastoma cells [3].
Their deregulations result in constitutively active RAS pro-
teins expression, and then promote the malignant transfor-
mation and progression of tumors [4]. Mutations in KRAS
are common and predominant in the lung, colon, and pan-
creatic cancer [5] and considered as biomarkers for patient
prognosis and drug resistance [2]. Moreover, KRAS is also
a promising drug target. AMG 510 which targeting KRAS
G12C showed an ORR of 48% in patients with NSCLC
[3]. Besides, several trials which evaluating the efficacy
of RAS G12C/D/R/V inhibitor in solid tumors have been
initiated [4, 5]. Herein, we analyzed the alterations status
of KRAS/NRAS/HRAS across diverse solid tumors and
evaluated the potential population who could benefit from
RAS inhibitors.
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Methods

From January 2017 to December 2019, a total of 17,993 pa-
tients who received next-generation sequencing (NGS) were

screened. Patients who underwent tissue genetic tests includ-
ing KRAS, HRAS and NRAS genes were included. Genomic
profiling of DNA was performed through NGS on Illumina
Nextseq 500 to > 500X coverage in 3DMed Clinical
Laboratory Inc., a College of American Pathologists (CAP)
and Clinical Laboratory Improvement Amendments (CLIA)
certified laboratory. The single nucleotide variants (SNV) and
copy number variants (CNV) data of these patients were ana-
lyzed. Tumor mutational burden (TMB) and microsatellite
instability/stability (MSI/MSS) status were identified.
Pathogenic and likely pathogenic mutations were interpreted
by the bioinformatics specialist upon a joint consensus of the
previous reports and the recommendation of American
College of Medical Genetics and Genomics and the
Association for Molecular Pathology (ACMP-AMP).

Results

A total of 17,993 pan-cancer patients were included in this
study. The baseline characteristics of the patients were shown
in Table 1. The total RAS variants frequency was 22.58%,
including 3862 patients (21.46%) with SNV, 266 patients
(1.48%) with CNV and only 1 patient with germline mutation.
Most patients with RAS variations (84.44%) displayed the
MSS. Of the RAS mutations, KRAS was the most frequently
altered gene (91.33% of RAS SNV, 85.34% of RAS CNV),
followed by NRAS (6.60% of RAS SNV, 8.65% of RAS
CNV) and HRAS (2.69% of RAS SNV, 6.77% of RAS

Table 1 Patient demographics and baseline characteristics

Characteristics All patients (N = 17993)

Age, median (IQR range) 59 (1-100)

Sex, n (%)

Male 10798 (60.01)

Female 7195 (39.91)

RAS Variant, n (%) 4063(22.58)

SNV, n (%) 3862(21.46)

KRAS 3527(91.33)

HRAS 104(2.69)

NRAS 255(6.60)

CNV, n (%) 266(1.48)

KRAS 227(85.34)

HRAS 18(6.77)

NRAS 23(8.65)

Germline, n (%) 1(< 0.01)

KRAS 1(100)

MSI status in RAS variants, n (%)

MSI-H 176(4.33)

MSS 3431(84.44)

N/A 456(11.22)

Fig. 1 a Prevalence of RAS
variants (SNV and CNV) in
17,993 patients with different
cancer types. b Correlation
between RAS SNV and age. c
Correlation between RAS SNV
and sex
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CNV). As shown in Fig. 1a, KRAS were most commonly
found in pancreas cancer (685/842, 81.35%), intestine cancer
(85/175, 48.57%) and colorectal cancer (1609/3329, 48.33%).
NRAS occurred most frequently in melanoma (31/196,
15.82%), colorectal cancer (116/3329, 3.48%), and thyroid
cancer (2/60, 3.33%). HRAS were most often found in
bladder/urinary tract cancer (46/367, 12.53%), prostate cancer
(5/137, 3.65%), and head and neck cancer (7/314, 2.23%).
Among people who was 65 or older, the mutation frequency
of KRAS and HRAS was significantly higher (shown in Fig.
1b, KRAS: p < 0.001; HRAS: p < 0.05). NRAS mutation was
more common among males (shown in Fig. 1c, p < 0.05).
CNV in KRAS, NRAS and HRAS were most commonly
found in ovarian cancer (14/429, 3.26%), breast cancer
(5/500, 1.00%), and melanoma (1/196, 0.51%), respectively.
362 patients (2.01%) harbored at least two RAS gene muta-
tion, of which 89.36% of patients carried two different KRAS
mutations and 86.69% were KRAS SNV and KRAS CNV
coexistence. Moreover, a total of 21 in 22 types of solid tu-
mors had KRAS G12C/D/R/V pathogenic, which occurred
most frequently in colorectal cancer (5.29%), pancreas cancer
(3.49%), and lung cancer (1.92%). Incidence rate of KRAS
G12C, G12D, G12R, and G12V was 1.81%, 6.81%, 0.69%
and 4.25%, respectively.

Discussion

RAS oncogenes comprised one of the most frequently mutat-
ed genes family in human cancers. KRAS is an important
prognostic and drug resistance biomarker. In our cross-
sectional study, the incidence of RAS mutation and KRAS
mutation were 21.60% and 19.60%, which were similar with
the data compiled from the Catalogue of Somatic Mutations
(COSMIC). Over several decades, there remains a lack of
FDA-approved anti-RAS therapeutics. However, recent find-
ings provide renewed hope that RAS inhibitors will eventually
be deployed in the clinic. AMG 510, which targeting KRAS

G12C, showed an ORR of 48% in patients with NSCLC.
Additionally, many drugs that target KRAS G12C/D/R/V
were tested in ongoing clinical trials, including GI-4000 and
LEE001. Our results suggested that a variety of solid tumors
may harbor KRAS G12C/D/R/V mutation. These patients
may benefit from KRAS inhibitors.
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