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Liquid biopsy in tumors: opportunities and challenges
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The emergence of non-invasive diagnostic techniques for
tumors (1), such as liquid biopsy, marks a major step forward
for humans on the road to conquering tumors. From the
2016 Food and Drug Administration (FDA) approval
of the first liquid biopsy products based on EGFR gene
mutations (2), by August this year, tumor mutation burden
in blood (bTMB) was confirmed to predict the effectiveness
of immunotherapy, and liquid biopsy has already made a big
splash in the field of cancer treatment (3). Liquid biopsy has
the advantages of non-invasive, rapid, precise, and especially
real-time. It can also overcome the heterogeneity of tumors
and may replace tissue biopsy in the future. Liquid biopsy
currently mainly includes circulating tumor cells (CTC),
circulating tumor DNA (ctDNA) and exosomes, and
samples can be derived from blood, urine, saliva and the
like. Liquid biopsy has broad application prospects in the
diagnosis and treatment of cancer, including early diagnosis
screening, tumor heterogeneity, drug resistance, and
establishment of targets (4).

The mutations and amplifications caused by ctDNA
are closely related to the occurrence and development
of tumors and can be used to monitor the therapeutic
effect (5,6). However, in targeted therapy, the detection rate
of mutations is relatively low. In addition, the circulating
DNA molecules in the blood are usually much lower than
the non-cancer-related DNA fragments in the blood,
which makes it very difficult to detect them, especially in
the early stages of cancer. Previous studies have found that
accurate tumor information can only be obtained when the
abundance of ctDNA in cell-free DNA (cfDNA) is greater

than or equal to 10%. However, except for some advanced
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tumors that release large amounts of ctDNA, the abundance
of ctDNA in most tumor patients does not meet this
criterion (4,7,8). A team led by University of Cambridge
scientist Nitzan Rosenfeld enriches plasma-specific
fragment length ¢fDNA in vitro and then sequenced it. It
was found that sequencing results were able to distinguish
tumor blood samples from healthy blood ones, the area
under the curve exceeded 0.99. Enriched normal ¢fDNA
assays are less than 0.8. In addition, this enrichment method
allows liquid biopsy to detect cancer at an earlier stage (9).
Recently, Gandara et al. (3) first confirmed that the
tumor mutation load in plasma can be accurately and
repeatedly measured and correlated with the efficacy of
immunological checkpoint inhibitors. The effectiveness
of bTMB in predicting the efficacy of immunotherapeutic
drugs was confirmed. For the prediction of the efficacy
of immunotherapy, it provides a less invasive, more
reproducible alternative detection program. This means
that cancer patients receiving immunotherapy will be
expected to have a more convenient and accurate method
for predicting the efficacy in the near future. In 2016,
Bristol-Myers Squibb (BMS) announced that its PD-1
antibody, Opdivo, did not reach the primary clinical
endpoint in the phase III clinical trial of non-small cell
lung cancer (10). In this study, the researchers found that
for patients with advanced lung cancer with PD-L1 >5%
and untreated, Opdivo failed to prolong progression-
free survival compared with standard chemotherapy. Of
note, they reanalyzed the trial data and found that for
those patients with high TMB levels, the results of tumor
remission and survival benefit were significantly better than
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those of chemotherapy after treatment with Opdivo. The
reason why immunotherapy can exert good anticancer effect
depends mainly on the recognition of cancer cell-specific
antigen by immune cells. Hence, in theory, for those cancer
patients with more mutations, the more neo-antigens the
cancer produces, and the more likely it is to be recognized
by immune cells (11,12). In other words, the higher the
"TMB, the more patients may benefit from immunotherapy.
According to these, Jaffee et 4l. concluded that there was a
significant positive correlation between TMB and response
rate of immunological checkpoint inhibitor treatment after
analyzing multiple clinical study data (13).

In this study, the authors developed a technical
solution for detecting TMB in the blood and conducted a
retrospective analysis of two large randomized trials as test
(NCT01903993) and validation (NCT02008227) studies.
Having compared bTMB of the two clinical cohorts with
tissue-based TMB (tTMB), they confirmed that tTMB
and bTMB were indeed positively correlated as a whole.
After calculation, the researchers finally selected bTMB
>16 mut/Mb as the threshold of the training set and
continued to verify in the verification set. In the population
with a validation set of bTMB >16 mut/Mb, the median
overall survival of patients receiving atezolizumab
immunotherapy was 13.5 months, while the median overall
survival of patients receiving docetaxel was 6.8 months,
which indicated that bTMB does indeed serve as a potential
non-invasive biomarker for atezolizumab immunotherapy.

However, due to the rapid speed of clinical promotion
of this method, related studies on the clinical effectiveness
of the method have not been confirmed. Early in this year,
the American Society of Clinical Oncology (ASCO) and
the American College of Pathologists (CAP) organized a
committee of experts to conduct a review of the published
1,338 clinical ctDNA tests. After evaluating the ctDNA
detection method from three aspects including analytical
validity, clinical validity, and clinical utility, they concluded
that the current clinical efficacy of liquid biopsy techniques
is very limited (14).

To sum up, liquid biopsy has become the focus of
future research on precision diagnosis and treatment of
tumors (15). However, there are still many problems to
be solved at this stage. ctDNA detection can be used as
a means of targeting drug treatment for drug resistance,
providing more possibilities for the future. Liquid biopsy
ctDNA methylation is very promising in the field of precise
treatment of tumors (16). But as with any other test method,
liquid biopsies also require large-scale cohort studies to
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determine their effectiveness and sensitivity to different
diseases. Behind radical clinical applications, solid clinical
effectiveness and clinical utility evaluations need to be kept
up to date.
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