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Recent cancer progress has been too slow 
[1,2]. Resistance to current therapeutics rep-
resents the major problem [3]. More recent 
developed technique of circulating tumor 
DNA (ctDNA) [4] detection and subse-
quently next-generation sequencing (NGS) 
application in these ‘fluid’ biopsies provides 
a partial explanation of therapeutic resist-
ance due to the emergence of mutation. 
This mutational emerging heterogeneity 
assessment shapes a new roadmap for more 
effective therapeutic development [3].

Recent evidence suggests that progress 
in management of patients with advanced 
and metastatic cancer remains modest over 
the last decade. Although the use of novel 
sophisticated technologies is a reality, lit-
tle progress has occurred in clinical oncol-
ogy. Recent data on tumor and patient 
‘diversity’ shape now an exciting pathway 
in achieving the desired goal of a true per-
sonalized medicine for cancer patients [5]. 
We have to keep in mind that although 
current oncological practice is based on 
standardized single biopsy-based approach, 
serious important limitations in predicting 
resistance to current therapies and tumor 
progression are existing.

Circulating tumor DNA
A new biobanking sequency strategy on 
multiple biopsy-based genome represents 
a novel important tool in cancer genom-
ics. In this editorial article, we address 
ctDNA clone-based strategy for predict-
ing and treating therapeutic resistance 
[4,6–8]. The concept of ctDNA-based NGS 
analyses will revolutionize the manage-
ment of cancer patients with potentially 
curable or metastatic disease. During and 
after treatment, repeated ctDNA detec-
tion and NGS analyses could potentially 
predict recurrence before it clinically 
occurs. Thereby, targeting the emergency 
mutations with inhibitors of specif ic 
oncogenic pathways we would potentially 
prevent recurrence [4]. Similarly, in the 
metastatic setting, we could administrate 
agents which can more effectively treat 
the emergency mutated genes [5,6].

Moreover, latest evidence highlights 
that the future of personalized cancer 
medicine is represented by interpatient 
and intratumor ‘diversity.’ Different 
genetic landscape and variations among 
patients with the same tumor, clinical 
and pathological properties and staging 
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“The concept of circulating tumor DNA-based next-generation 
sequencing analyses will revolutionize the management of cancer 

patients with potentially curable or metastatic disease.”

“...progress in management of 
patients with advanced and 

metastatic cancer remains modest 
over the last decade.”
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are intended by interpatient heterogeneity. 
Moreover, different mutational background 
in ‘subpopulations’ of cancer cells in differ-
ent geographical places of the same tumor 
is defined intratumor heterogeneity (ITH) 
[3,6,9]. Today, the investigators, by exploring 
the mechanisms underlying the wide ITH 
status with the important help of new nonin-
vasive tools such as ctDNA, may revolutionize 
the future of medicine and may significantly 
improve the survival rates of cancer patients 
with the discovery of novel drugs that will 
overcome resistance to therapy.

Decision-making oncological therapy
Decision-making therapy by oncologists is 
usually based on a single biopsy obtained from 
primary tumor after surgical resection or sin-
gle needle biopsy. Latest data support that a 
single biopsy-based DNA sequencing test is 
not enough to obtain all the necessary genetic 
information [10]. Recent genome sequency-
based data suggest that the whole genetic 
background may represent a useful tool for 
predicting the response or resistance to tar-
geted therapy. There is no doubt that cancer 
is a ‘complex’ process and unfortunately the 
heterogeneity-diversity of the genetic back-
ground among patients and tumors cannot 
be adequately evaluated by a single surgical 
biopsy [11]. Interpatient heterogeneity and 
ITH nowadays represent a real medical chal-
lenge, because if they can be ‘characterized’ 
and assessed, they may lead to better primary 
systemic treatment. Notably, the most criti-
cal issue in terms of decision making during 
tumor progression is represented by intratumor 
‘diversity’ of the primary tumor subclonal cell 
populations [10–12]. In the same patient, the 
metastatic progress of the tumor or the resist-
ance to therapy can be better managed when 
its heterogeneity is assessed. However, multiple 
tumor biopsies from the metastatic sites of the 
disease in the majority of cases are very inva-
sive and difficult to be performed. We have also 
to keep in mind that in the absence of metas-
tasis there is no accurate predictive method 
of resistance to therapy and recurrence. But 
now, we can achieve important genetic infor-
mation of diverse types of tumors even in an 
early stage with a simple blood sample. In the 
near future these exciting methods may lead 
to predict resistance to therapy or recurrence 
even in early-stage cancer [12–15].

Proof-of-concept on circulating tumor 
DNA
It is a common topic now that multiple repeated 
tumor biopsies are often nonfeasible and more 
invasive. In this way, Murtaza et. al [4] in a recent 
study performed whole-exome sequencing of 
plasma DNA in six patients with advanced can-
cers. There were two cases with breast cancer, 
three cases with ovarian cancer and one case 
with non-small-cell lung cancer. Whole-exome 
sequencing was performed on multiple samples 
of plasma from each patient. It is reported that 
the followup was up to 665 days (range: 109–
665 days, median: 433 days). The researchers 
used 4–20% of the DNA extracted from 2.0–
2.2 ml of plasma, and an average of 169 mil-
lion reads of sequencing per sample. They 
have analyzed the coding exons of all protein- 
coding genes at an average unique coverage 
depth ranging from 31- to 160-fold. For two 
cases, synchronous biopsies were also analyzed, 
confirming genome-wide representation of the 
tumor genome in plasma. To identify changes 
in the mutation profiles of the tumors, they have 
compared the abundance of somatic mutations 
found in plasma before and after each course of 
systemic therapy. In this way, they have shown 
that exome analysis of plasma ctDNA represents 
a novel noninvasive tool for characterization of 
tumor progress. The researchers involved in this 
innovative study strongly support that ctDNA 
are representative of the tumor genome and pro-
vide a valid alternative novel method of tumor 
sampling without the need of multiple invasive 
tumor biopsies [4,14,15]. What is more, new genes 
or important mutated genetic pathways maybe 
identified with this novel method.

Few months ago, Bettegowda et al. [16] pub-
lished a very important and innovative study. 
Their aim was to compare many different types 
of cancer and to determine in which cancers 
ctDNA detection levels could represent a useful 
clinical tool. The researchers in this study have 
measured and evaluated an important number 
of tumor types. In this way, they have purified 
plasma and tumor DNA using specific proto-
cols for all the tumor samples and they have 
used advanced technological methods to detect 
and evaluate ctDNA levels from each tumor. 
Notably, they were able to report the number 
of mutant templates per milliliter of plasma in 
every tumor type. They have enrolled in this 
exciting study 136 metastatic tumors from 14 
different tissues, as well as 41 patients with 

“...we can achieve 
important genetic 

information of diverse 
types of tumors even in an 
early stage with a simple 

blood sample.”
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primary brain tumors such as glioma and medul-
loblastoma. Additionally, they have included 
ten cases of stage III ovarian and hepatocellular 
carcinomas. The investigators showed that most 
patients with stage III ovarian and liver cancers 
and metastatic cancers of the pancreas, bladder, 
colon, stomach, breast, liver, esophagus, head 
and neck, as well as patients with neuroblas-
toma and melanoma, harbored detectable levels 
of ctDNA. On the other hand, less than 50% 
of patients with medulloblastomas, metastatic 
kidney, prostate or thyroid cancers and less than 
10% of patients with gliomas, harbored detect-
able ctDNA levels. Moreover, we have to keep 
in mind that although ctDNA was detectable 
in most patients with metastatic cancers, the 
ctDNA’s concentration varied among patients. 
Moreover, ctDNA’s concentration varied also 
among patients with the same tumor type.

The most important aspect of this study was 
the evaluation of ctDNA levels in patients with 
early-localized disease. The researchers speci-
fied that with the term of localized disease it is 
intended a ‘disease status’ where there is no clini-
cal or radiological sign of distant metastasis at the 
time of sample collection. We have to highlight 
the fact that among 223 patients with localized 
cancers of all types, the researchers showed that 
detectable levels of ctDNA were found in 55% 
of the patients (122 of 223 patients). Differences 
in the rate of patients with detectable levels of 
ctDNA were also correlated with the stage. In 
this way, 47% of patients with stage I cancers 
of any type had detectable ctDNA, whereas the 
fraction of patients with detectable ctDNA was 
55, 69 and 82% for patients with stage II, III 
and IV cancers, respectively. Bettegowda et al. 
[16] concluded after this innovative study of 640 
patients, that mutant DNA fragments are found 
at lower but detectable levels in patients with 
early-stage localized cancers and in high levels 

in the circulation of patients with advanced-
stage cancers. We will expect that this research 
team or other scientific groups, in addition to 
ctDNA detection will also perform NGS analy-
sis in this large number of samples. It is out of 
question that these amazing results may have 
several scientific implications and may suggest 
novel important pathways of future translational 
research [15].

Taken all these data together, novel noninva-
sive biomarkers may provide many advantages as 
compared with invasive multiple tumor biopsies. 
The above-mentioned approach of ctDNA repre-
sents a novel exciting strategy for reaching per-
sonalized modern medicine [4,16–17]. Therefore, 
NGS-based analysis of ctDNA could be used as 
a valid biomarker for cancer monitoring. Recent 
improvements in NGS methods and ctDNA 
method could lead to great expectations in the 
translation of research into clinical personal-
ized cancer medicine [5,17]. This ctDNA-based 
genomic diversity identified by NGS analyses 
also opens a new way for more accurate and 
effective therapeutic strategy with a combina-
tion of targeted drugs against the complete set 
of genome changes [18–21]. However, it should 
be emphasized that new clinical trials will be 
required to prove the robustness of these bio-
markers and effectiveness of this therapeutic 
strategy.
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