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Beyond finding druggable targets and tumor mutational burden: 
to measure heterogeneity by ctDNA
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With the advances in molecular oncology, genomic 
analysis for selection of molecularly guided therapy 
has become standard of care for various advanced solid 
tumors (1,2). Tumor sequencing not only helps to inform 
which druggable targets are likely to be effective [e.g., 
EGFR-TKI in EGFR-mutant non-small cell lung cancer 
(NSCLC)] but also provides many promising biomarkers 
in guiding cancer immunotherapy [e.g., tumor mutational 
burden (TMB) and microsatellite instability (MSI)]. 
The genomic sequencing continues to evolve, and our 
understanding of the landscape of tumor heterogeneity 
must advance accordingly to continue to improve outcomes 
for patients. Circulating tumor DNA (ctDNA), a non-
invasive tool to detect genetic mutations in cancer patients, 
has been increasingly accessible worldwide and provides a 
comprehensive landscape across cancerous tissue for making 
it an ideal approach to assess the tumor heterogeneity (3-5).  
In this issue of Translational Lung Cancer Research, we 
investigated the value of heterogeneity of allele frequency 
(AF) defined by ctDNA mutations in the prognosis of 
advanced NSCLC in a real-world data analysis (6), which 
tried to provide a new insight into tumor heterogeneity 
from the ctDNA level. This study highlights the importance 
of further molecular analysis at the current ctDNA profiling 
as novel potentially biomarkers associated with tumor 
biology may thus be discovered.

Cancer is a disease of complex genetic mutations (7), and 
comprehensive genomic analysis is beneficial to help match 
patient to appropriate treatment. Although genomic analysis 
is generally done in the current clinical setting, a lack of 
tumor heterogeneity information in the routine genomic 
analysis could be a barrier and challenge for appropriate 
treatment decisions. Tumor genomic heterogeneity is 
presumed to be a fundamental cause of therapeutic failure 
(8,9). However, researchers are still at the very beginning 
of understanding the full extent of tumor heterogeneity. 
Challenge in assessing tumor heterogeneity lies in the fact 
that currently there exists no systematic understanding to 
it and the evaluation tools are lacking relatively mature 
for studying tumor mutation evolution and quantifying 
heterogeneity. 

Ongoing efforts to integrally analysis the tumor 
mutation data may help incorporate relevant features 
that associated with tumor heterogeneity. Despite the 
routine genetic test provides information about genetic 
variants, druggable targets and TMB, it does not cover the 
information of tumor heterogeneity. ctDNA is shed into the 
bloodstream from tumors, it is thereby a genomic reservoir 
of different tumor clones and a good representation of 
tumor genomic diversity (10). And theoretically, ctDNA 
may attenuate the issues related to assessing tumor 
heterogeneity, which provide a possible way to dig out 
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the tumor heterogeneity information that hidden behind 
tumor mutations. Therefore, as described above, our team 
made an investigation to explore the effect of AF of ctDNA 
mutations in the prognosis of advanced NSCLC. 

The AF variant of different genetic mutations are often 
used to represent the clonal makeup of a tumor, and lower 
AF mutations are more likely to be subclonal (5,11), which 
potentially represent tumor heterogeneity. Therefore, our 
study hypothesized that relatively low frequency mutations 
in ctDNA might indicate tumor heterogeneity, or more 
specifically, allele frequency heterogeneity (AFH). A low 
ratio of AF of a mutation to the maximum somatic allele 
frequency (MSAF) was used to define the presence of AFH. 
By using trend regression analysis, the low ratio of AF/
MSAF and overall survival were correlated and the cut-
point of AF/MSAF <10% was founded and confirmed; 
the presence of mutations with low ratio of AF/MSAF 
<10% was thus applied for defining the presence of AFH. 
The result indicated that the presence of AFH (case with 
mutations of AF/MSAF <10%) may provide a poorer 
prognosis among patients with advanced NSCLC.

Different types of patients may present diverse treatment 
strategy and survival outcome, therefore, we examined 
the difference of treatment types, trying to find out 
more details of the impact of AFH on overall survival. 
The results demonstrated that the presence of AFH 
(cases with mutation of AF/MSAF <10%) was an adverse 
prognostic factor for overall survival across treatment 
arms (chemotherapy, immunotherapy for patients without 
actionable driver mutation; and EGFR-TKIs for patients 
with EGFR mutation), which gave important assumption 
that the AFH defined by AF/MSAF <10% might be a 
universal prognostic factor across different subsets of 
advanced NSCLC. This might emphasize the importance 
of AFH evaluation for all advanced NSCLC patients.

One of the merits of this study is to determine that 
ctDNA mutation with low ratio of AF/MSAF <10% 
presents the poorer overall survival in advanced NSCLC 
patients. Since the evaluation of tumor heterogeneity has 
not yet arrived in the current clinical practice, it is hard to 
obtain comprehensive information of tumor heterogeneity; 
however, ctDNA profiling has been widely accessible 
nowadays. Therefore, maximizing full value of ctDNA 
profiling results as much as possible may be considered 
as a feasible complementary strategy. This study initially 
links relatively low frequency mutations (AFH) in ctDNA 
profiling to prognostic outcome by using accessible 
indicators (AF/MSAF <10%). By adding the simple 

calculation to the current ctDNA genomic test report, 
without further cost, the tumor heterogeneity might be 
indicated by AFH evaluation and adjusting a therapeutic 
regimen may be accordingly.

Advanced analysis of the current genomic test results 
integrated with clinical characteristics, will lead to further 
understanding of tumor biology and improve patient 
outcomes. In our investigation, we demonstrated the 
significance of relatively low-frequency mutations defined 
by ctDNA profiling in the prognosis of advanced NSCLC 
and provided a novel prognostic biomarker, namely AFH, 
a genetic heterogeneity feature. This study contributes to 
shed the light on the effects of AFH in the prognosis of 
advanced NSCLC. Clinicians should pay more attention to 
the clinical significance of genomic test results in therapy 
strategy.

In conclusion, presence of AFH is an independent 
predictive factor for poor prognosis in advanced NSCLC. 
Besides the conventional druggable targets and TMB, more 
information of tumor biology could be provided through 
further ctDNA profiling. By adding this easily calculated 
AFH to the current ctDNA profiling, which incurs no 
further cost, we can additionally evaluate or monitor tumor 
heterogeneity and its prognosis. Further research has to 
focus on this issue through more comprehensive analysis 
and experimental evaluation to confirm the association 
between AFH and prognosis.
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