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Microfluidics for early cancer detection in liquid biopsies 

 

Abstract 

Early cancer detection, its monitoring and therapeutic care are primordial in oncology. Significant advances 

have been made in the last decade to create new microfluidic device or develop existing ones that are able to 

detect and analyse cancer biomarkers located in liquid biopsies. Precise and qualitative information can be 

extracted from biofluids by isolating cancer biomarkers such as circulating tumor cells, cell free nucleic acids 

or exosomes. This literature review provides an overview of the different technologies that can be incorporated 

inside a microfluidic device to diagnose a cancer. Firstly, the isolation and separation of exosomes from the 

biofluid can be done by immunoaffinity, using specific antibodies to target exosomes of interest. It can be done 

by selecting the exosomes based on their size, using filter or nanoporous membranes. It can be done by 

dynamic methods, separating the exosomes from the biofluids using external forces. Secondly, the isolated 

exosomes can be detected on the microfluidic chip by fluorescence, colorimetry, or nuclear magnetic 

resonance. Finally, detailed analysis of the exosomes can be done by quantifying the overall levels of exosomes 

inside the biofluid, or by analysing specific exosome subpopulations linked with cancer. The analysis of the 

content of the exosomes is also possible, the proteins and the RNAs present inside of the exosomes being very 

informative for cancer detection. All of these technologies, integrated inside a microfluidic device, provide a 

new innovative tool for early cancer diagnosis, while being cheaper and faster than regular conventional 

techniques for cancer detection. 

Keywords : Cancer diagnosis – Microfluidics – Liquid biopsy – Circulating biomarkers – Exosomes – 

Separation – Detection – Analysis  
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Introduction 

Cancer is a leading cause of death in the 

world. Indeed, cancer kills one person every 4 

seconds. The detection of cancer at an early stage is 

primordial to improve the efficiency of the 

treatment. It is very important to speed up the 

screening and the treatment of cancer. In this regard, 

there exist many screening and treatment strategies 

available. The discovery and the research of precise 

and reliable tumor biomarkers is a necessity, in 

addition to the development of new diagnosis 

technologies [1]. 

Today, a tissue biopsy is the standard 

procedure for the cancer diagnosis. However, there 

are many limitations for this procedure. First, tissue 

biopsies do not totally reflect all characteristics of the 

cancer because of the spatial heterogeneity of the 

tumoral mass [2]. Second, a tissue biopsy does not 

show all the dynamic changes of a tumor in real time 

because we cannot reproduce it many times. There 

is not always enough tumoral tissue to realise tissue 

biopsies in some patients. Moreover, tissue biopsy is 

an invasive procedure, and can present some risks 

for the patient and take a lot of time. Thus, it is 

necessary to develop new techniques to overcome 

these limitations [2,3]. Liquid biopsies allow to detect 

cancers, their cells, or derived products, in cancer 

patients’ biofluids. Liquid biopsy better reflects the 

complexity of a tumor. Liquid biopsies are very easy 

to obtain, and the sampling does not cause damage 

to the patient’s body. We can perform it many times, 

and thus reveal the evolution of the tumor in 

function of time [3]. We can find different elements 

inside liquid biopsies to study a cancer, such as 

circulating tumor cells (CTCs), circulating tumoral 

DNA (ctDNA), and extracellular vesicles, or 

exosomes. Liquid biopsies represent the analysis of 

cancer biomarkers inside the derived material of the 

tumor, present in the blood, the urine, the saliva, the 

amniotic fluid, breast milk, the cerebrospinal liquid, 

or the bile of cancer patients [4]. 

There exist many different means to 

separate these markers from biological fluids. One 

technique used is differential centrifugation.  Large 

cells or vesicles can be separated using standard 

centrifugation. Ultracentrifugation is required to 

separate the exosomes from the rest of the sample. 

Even though this technology is efficient, and allows 

us to obtain a purified product,  it takes a lot of time, 

costs a lot, and is not the most efficient technique. 

Another technique is flow cytometry. The flow is 

high, which is an advantage, but the analysis of the 

products is made difficult by the lack of precision [5]. 

The analysis and the detection of these biomarkers 

also can be performed in many ways. Regular 
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techniques are enzyme-linked immunosorbent assay 

(ELISA) and Western blot analysis. These techniques 

are precise for one sample. But in our case, they are 

not sufficient because these techniques are limited 

by multistep operations and cannot be used for 

many samples at one time. Recently, technologies 

allowing to combine the advantages of different 

methods have been developed, to enhance the 

precision of the detection and of the separation of 

these tumoral biomarkers. Microfluidics methods 

have been developed to isolate these components in 

biological fluids, especially exosomes [5]. 

Microfluidics describes the precise control and the 

manipulation of fluids, constrained to a very small 

scale. It is a multidisciplinary field which involves 

engineering, chemistry, biology, physics, and 

nanotechnology. Microfluidics provide a new 

platform for the manipulation of small quantities of 

tumor biomarkers, with an enhanced precision. With 

microfluidics, one can manipulate small volumes, 

small size, with low energy consumption. 

In this review, we will discuss the different 

biomarkers that we can find inside biofluids, 

including circulating tumor cells, circulating tumoral 

nucleic acids and extracellular vesicles or exosomes. 

We will then concentrate on exosomes, to study their 

isolation and separation from biofluids thanks to 

microfluidics. We will then study the different 

analysis techniques and the detection techniques of 

these biomarkers inside a microfluidic chip. The 

analysis of the content of the exosomes will help us 

determine if there is a cancer or not, and get more 

information about the development of the tumor or 

its gravity. 

1. Biomarkers in liquid biopsies 

In liquid biopsies, there are many different 

biomarkers that could allow the early diagnosis of 

cancers. These components are used as indicators 

for the presence of cancer in liquid biopsy samples. 

Indeed, circulating tumoral cells (CTCs), cell free 

nucleic acids (cell-free DNA or cell-free RNA) and 

extracellular vesicles (EVs) or exosomes are present 

in enough quantities in biological fluids. These 

different markers have different importance, or 

relevance, but all of them can be used for the early 

diagnosis of a cancer. 

a. Circulating tumor cells (CTCs) 

Circulating tumor cells (CTCs) are derived 

cells from tumors that are separated from the 

tumoral mass, and then extravasated into the blood 

circulation. They can originate from a primary tumor 

or from a secondary metastatic site. From a 

biochemical point of view, a cell is considered as a 

circulating tumor cell if it coexpresses the epithelial-

cell-adhesion molecule (EpCAM), cytokeratines (CKs) 

and if it does not express the leukocyte common 

antigen CD45. To be defined as CTCs, they also need 

to express genomic alterations [6]. These CTCs can 

also be found as circulating tumor clusters. The 

presence of these clusters could be linked to a worse 

clinical outcome than the presence of single 

circulating tumor cells. 

CTCs can be isolated and identified 

morphologically, but also genetically. Their 

characteristics are important for the diffusion of 

cancers in the human body (the process of 

metastasis). Then, the detection and the analysis of 

these CTCs can allow us to detect early signals of the 

development of a cancer. We can also estimate the 

development of a tumor by analysing and counting 

these CTCs, and study the dynamics, the progress of 

the sickness. The development of devices for a faster 

evaluation of the number of CTCs can be a goal for 

the acceleration of early cancer diagnosis [1]. It 

remains unclear today if the release of the CTCs in 

the biofluids is accidental or “physiological”. 

b. Cell-free and circulating tumor nucleic acids 

Circulating tumor nucleic acids are a 

category of free nucleic acids that comprises cell-free 

DNA (cfDNA) or micro RNA (miRNA). They are 

considered as a relevant oncologic biomarker for 

cancer patients in biofluids, especially in blood. Free 

DNA (cfDNA) is fragmented DNA from cancerous 

cells. Its release can be passive or active. Passive 

release can be due to apoptosis, phagocytosis, or 

necrosis. Active release can be due to cancer cells 

that are still alive. Micro RNA (miRNA) are 

fragmented non-coding RNA, single-stranded, with 

a size between 19 and 25 nucleotides [1,7]. These 

biomarkers have been found in many biofluids, such 

as urine or blood. 

Detecting and analysing these tumor nucleic 

acids from liquid biopsy samples allows to collect 

genetic information from tumors, which ultimately 

helps for early cancer detection. Tumor associated 

DNA and RNA have a role in cellular function, thus 

they can potentially provide important information 

about the presence of a tumor. These biomarkers 

have different advantages compared to CTCs [8] : we 

can better detect them and also earlier on, their 
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number is superior to the number of CTCs, they are 

more reliable, and they have a clinical importance in 

complement of the CTCs.  

c. Exosomes / Extracellular vesicles 

Exosomes are small microvesicles with a 

diameter ranging from 30 to 150 nanometers, 

released by most cells. They are coated by 

membranes, and can contain different functional 

biomolecules, such as proteins, RNA or DNA, which 

are probably released by living tumor cells. However, 

exosomes can derive from many different cell types, 

and they share many protein markers, or transport 

small proportions of proteins which are linked to 

physiological conditions or pathological conditions 

of the secreting cell [6]. Exosomes have been found 

in large quantities in multiple body fluids, such as 

blood, saliva, or urine. 

The study of exosomes is relevant because 

high levels of secretion of exosomes can be linked to 

the severity of the tumor. It has been shown that the 

exosomes play a role in the modulation of the tumor 

microenvironment. There exists a link between the 

number of exosomes and the presence of a cancer. 

They have a great diagnostic value. The number of 

exosomes in the blood is linked to the stage of the 

disease. Also, the content of the exosomes can 

change when there is a cancer [5]. Moreover, it is 

possible to detect the early stages of a cancer with 

much precision by quantifying the exosomes present 

in biofluids [9]. Because of all these advantages, 

exosomes appear to be best suited for microfluidic-

based cancer screening strategies. Therefore, we will 

only discuss exosomes and their applications in 

microfluidic devices in the following sections.  

2. Microfluidic-based exosome separation 

methods 

A lot of research has been conducted to 

develop new microfluidic platforms to perform 

exosome isolation from biofluids. These 

microfluidics technologies offer a faster isolation 

speed and a better efficiency compared to other pre-

existing technologies. Different exosome separation 

methods can be developed inside a microfluidic 

device. Among these separation methods, we can 

distinguish the separation with immune-affinity, 

separation in function of the size of the exosomes, 

and some “dynamic” methods of separation.  

a. Immuno-affinity separation 

It is possible to separate the exosomes 

present in the biofluids by using antibodies that are 

targeting specific antigens of the exosomes of 

interest. By modifying the surface of the 

microchannels, or by using some particles or beads 

with a high affinity for exosomes, it is possible to 

separate them inside a microfluidic device. The 

biomarkers present on the surface of the exosome 

allow to separate them specifically and precisely. 

A possibility for the separation of exosomes 

is using antibodies targeting CD63, which is a specific 

receptor located on the surface of exosomes. These 

antibodies cover the walls of the microfluidic 

channels [10]. When the exosomes, present in the 

biological fluid that we use, circulate through the 

microfluidic channels, they will be captured by the 

antibodies, and thus retained. Then, we only need to 

retrieve the exosomes attached to these antibodies, 

for further analysis. To further increase the contact 

surface between the exosomes and the antibodies, it 

is also possible to introduce inside the microfluidic 

channels some immunomagnetic beads. These 

beads will multiply the contacts between the 

exosomes of interest and the antibodies, allowing to 

increase the separation and to be sure that the 

exosomes of interest are not circulating through the 

microchannels without being captured [11]. 

However, this technique can work only if we are 

certain that the protein of interest is present on the 

surface of the exosomes, in a sufficient quantity, and 

if the antigen binding site is exposed enough to be 

recognized by the antibodies. 

b. Size dependant separation 

The separation of the exosomes based on 

their size is possible by many means, by using 

nanofilters, nanoporous membranes, or using 

nanoarrays to trap the vesicles when the biological 

fluids are flowing through the microchannel. 

Compared to the more conventional exosome 

separation techniques, these microfluidic methods 

allow to obtain a better uniformity in the size of the 

filtered exosomes [10]. Two of these techniques are 

presented here. 

Wang et al. [12] presented a device 

composed of ciliated micropillars which form a 

silicon structure that allows to filter selectively, by 

trapping them, vesicles similar to exosomes, with 

sizes ranging from 40 to 100 nanometers of 

diameter. To recover the trapped vesicles, we only 
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need to dissolve the micropillars with nanotubes 

inside phosphate buffered saline (PBS) during the 

night. However, this device has neither been tested 

nor used to study clinical samples, such as urine, 

blood, or other biofluids, or for the analysis of 

proteins or RNA in the exosomes. 

Another separation technique based on the 

size is the method of deterministic lateral 

displacement (DLD) [13]. This technology is based on 

hydrodynamics and allows to separate the particles 

using continuous flow, with a resolution of 10 

nanometers. Nano-posts fixed inside the microfluidic 

channels allow to control the trajectories of these 

particles. The smaller exosomes follow a “zig-

zag" type movement, whereas the bigger exosomes 

bounce on these nanoposts and follow a 

“displacement” type trajectory. 

c. Dynamic separation 

In addition to the different separation 

techniques based on immunoaffinity and based on 

the size of the exosomes, some methods called 

“dynamic” allow to separate the exosomes in the 

biofluids. These dynamic separation methods use 

external forces, or combine multiple forces together, 

to separate the exosomes. 

It is possible to use a membrane for 

example, similar to dialysis, with pores of some 

nanometres, to capture the exosomes on the 

membrane surface, while allowing other 

components to pass through this membrane [14]. An 

electric current is applied through the porous dialysis 

membrane, to allow the specific manipulation of the 

exosomes and the other components of the 

biofluids. This electric current allows all the non-

interesting components to flow through the 

membrane. The exosomes will remain on the other 

side of the membrane. Only the exosomes will be 

then collected. 

Another possibility is to use acoustic waves 

[10]. In such a device, an acoustic field is applied 

through the microfluidic channels. The large size 

particles are submitted to a higher acoustic force and 

move faster inside the microfluidic channels and are 

then removed at the end of the process. This method 

has a great efficiency and allows to recover the 

majority of the exosomes present in the sample. 

A last possibility to separate dynamically the 

exosomes present inside the biofluids is flow field-

flow fractionation (FIFFF) [1]. The external force 

applied on the microfluidic channels is a 

hydrodynamic force. The components of the sample 

are transported by the flow along the microchannels, 

which induces the separation of these components 

along the walls of the channels. The smaller particles 

diffuse faster than the bigger particles, so they move 

faster and further inside the microfluidic channels. 

Table 1 summarizes the different exosome 

isolation techniques with their advantages. The 

microfluidic technology is an advanced approach 

which increases the exosome separation speed and 

efficiency. 

Table 1. Exosome separation techniques with their advantages and limitations 

Techniques Sample Advantage Limitation Ref. 

Microfluidic 

technology 
Immunoaffinity 

Blood, 

urine 
Fast, precise 

Antigen has to be 

available enough 
10,11 

Size dependant 
Any 

biofluid 
Easy, fast 

Not the most 

precise 
12,13 

Membrane + 

current 
Cell culture 

Efficient, 

specific 
Not very easy 14 

Acoustic separation Cell culture Efficient, fast 
Specific knowledge 

required 
10 

FIFFF 
Any 

biofluid 
Precision, fast Not easy to use 1 

Ultra-centrifugation Plasma Precision Time consuming / 

 

3. Microfluidic-based exosome detection 

Microfluidic devices allow to separate the 

exosomes inside biological fluids. It is possible to use 

microfluidics only for the extraction of the exosomes, 

but we can also use it to integrate some analysis 

methods, directly on the microfluidic chip [15]. It is 

possible to enhance the detection and the analysis 
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of the exosomes by combining a high throughput 

analysis and a good sensitivity, and still with the 

advantage of consuming low quantities of reagents. 

a. Fluorescence detection 

Some devices included an exosome 

detection with fluorescence. The exosomes which 

were previously separated from the biofluid are 

fluorescently-labelled, then the microfluidic device is 

visualized with a fluorescence microscope [15]. It is 

possible to use fluorescently-labelled beads, which 

will bind specifically to the exosomes, allowing then 

an indirect detection of the exosomes with 

fluorescence imaging. In the same idea, it is also 

possible to couple the collected exosomes to specific 

antibodies, labelled with a fluorescent tag. It is then 

possible to quantify these exosomes.  

This approach was used by Kanwar et al. [16] 

for their ExoChip. This device incorporates a channel, 

in which the immobilized exosomes are fluorescently 

stained with fluorescent carbocyanine dye (DiO). The 

microfluidic device is then inserted inside a plate 

reader for fluorescence analysis. The detection and 

the quantification of the exosomes was done with a 

great precision and sensitivity. The design of such a  

microfluidic device is therefore interesting for the 

early diagnosis of cancer, since in some cancers, the 

levels of exosomes in the biofluids are deregulated 

compared to the levels in healthy controls biofluids. 

We will study this later in the review. 

b. Colorimetric detection 

Other studies have shown that it is possible 

to combine the separation of the exosomes in the 

biofluids with colorimetric detection methods [15]. 

Direct visualization of the exosomes is made 

possible, which simplifies the detection. The 

detection and the quantification of the exosomes are 

performed visually and with absorbance 

measurements from a colorimetric solution, in which 

the exosomes are present. The colorimetric 

detection of the selected exosomes allows us to 

determine later their concentration in the biofluids. 

This concentration value indicates us if the patient is 

affected with a cancer or not. In some cancers, such 

as bladder cancer, we can use as a sample the urine 

of a patient, detect the exosomes, calculate later 

their concentration, and compare them to a healthy 

control. 

This detection approach was used by the 

team of Woo et al. [17] for their Exotics device. They 

associated the colorimetric detection with ELISA for 

their experiment on bladder cancer. ELISA was 

performed on their device, and then their 

microfluidic chip was transferred in a colorimetric 

detection chamber for absorbance measurements. 

Their device provided a great efficiency and a good 

precision for the labelling and finally the detection of 

the exosomes. Indeed, their device permitted to 

recover and allow the detection of more than 95% of 

the exosomes present in their samples. 

c. Nuclear magnetic resonance (NMR) 

Other microfluidic systems do not rely on 

fluorescence or colorimetric detection but 

incorporate a miniaturized nuclear magnetic 

resonance (NMR) detection system. To detect the 

exosomes, the latter are targeted by proteins, to 

label them magnetically. With this process, the 

obtained particles are superparamagnetic, which is 

very important for an NMR detection. A micro-coil is 

implemented on the microfluidic device, enabling 

the NMR detection [15]. 

The team of Lee and Weissleder [18] 

developed a microfluidic platform using a 

miniaturized NMR detection system. The exosomes 

are first purified then labelled with nanoparticles 

targeting exosomal protein markers. Next, the 

exosomes are captured by a membrane filter, where 

the NMR detection happens. The surrounding H2 

molecules are detected, and the change in the NMR 

dephasing time, also called the T2 relaxation, is used 

to detect the exosomes. This technique has many 

advantages, such as a high sensitivity and a great 

precision in the detection. This has many 

applications in cancer, such as glioblastoma  for 

example. 

4. Microfluidic platforms for exosome 

analysis 

Microfluidic devices with the ability of 

integrating the isolation and the analysis of the 

exosomes present a great interest in the diagnosis of 

cancers. Different features of exosomes can be 

interesting when we want to diagnose cancers 

[1,10,15] : the analysis of the quantity of exosomes, 

the detection of specific categories of exosomes, the 

quantification of intravesicular proteins or even the 

quantification of tumoral RNA inside the exosomes. 

Integrating the analysis inside a microfluidic chip has 

the advantage of gaining time compared to the 

other conventional methods, especially in the case 
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where the quantity of exosomes to analyse is not 

always sufficient enough. 

a. Analysis of the exosome levels in biofluids 

As we saw before, there are some specific 

biomarkers on the surface of the exosomes that 

allow their specific isolation. These surface markers 

(such as CD63, CD9, CD81) can also be useful for the 

quantification of the populations of exosomes 

present inside the biofluids. The quantification of 

exosomes can be a marker for cancer diagnosis. A 

microfluidic device realising this quantification could 

contain a step of isolation of the exosomes thanks to 

specific antibodies, and then a step of tagging, 

fluorescent or colorimetric, and finally a step of 

quantification via a microplate reader. Then, we 

compare the quantities of the exosomes present in 

the patient’s biofluids with the quantities present in 

the sample of a healthy control [11,15]. 

For example, exosome quantities in plasma 

expressing the antigens CD9 and CD81 are higher in 

lung cancer or in ovarian cancer, compared to 

healthy controls [11]. Indeed, the team of Woo et al. 

[17] quantified the exosomes expressing CD9 and 

CD81, which were higher in cancer patients 

compared to healthy controls. Kanwar et al. [16] 

developed their microfluidics device for a 

quantification of the exosome levels in biofluids. 

They have been able to measure precisely the levels 

of exosomes in serum samples. They measured a 

statistically significant 2.34-fold increase in exosome 

levels in pancreatic cancer patients compared to 

healthy controls.  

b. Detection of specific exosome populations 

Many microfluidic devices are developed to 

identify the extravesicular markers associated to 

cancers, that could enhance the precision of the 

diagnosis. The team of Shao et al. [9] detected 

specific exosomal biomarkers thanks to nuclear 

magnetic resonance implemented in their 

microfluidic chip. The four biomarkers (EGFR, 

EGFRvIII, PDPN and IDH1) present in the patient’s 

sample, allowed to identify different exosome 

subpopulations. The team was able to isolate these 

exosomes and study them separately. The 

conformation of the device allowed them to capture 

and isolate many exosome sub-populations, and 

then recover them at the end of the process [15]. 

It is possible to do multiplexing assays inside 

the same microfluidic device [19]. After specifically 

isolating the exosomes of interest thanks to specific 

antibodies targeting surface biomarkers, these 

exosomes are labelled specifically with previously 

fluorescently-labelled antibodies, specific to the 

cancer. The diagnosis precision is very good 

compared to classical techniques. This method 

allows us to reveal different subpopulations of 

exosomes and to find the variations in the expression 

of some tumoral markers compared to healthy 

controls. 

c. Analysis of intravesicular proteins 

While it is possible to quantify exosomes or 

identify different subpopulations, it is sometimes 

necessary to study the content of the exosomes, to 

precisely analyse the proteins or the RNAs located in 

the exosomes [15]. It is then necessary to add a step 

of exosome lysis in the microfluidic device, and also 

more steps of capture and analysis of the content of 

the exosomes. 

The exosomes captured by the isolation 

steps are washed and incubated with a lysis buffer 

[11]. The membranes of the exosomes are degraded, 

allowing the exosomal proteins to be released. The 

lysate is then mixed with magnetics beads, and 

incubated to allow the specific binding of the 

proteins to the markers. After this binding step, the 

proteins of interest are captured and isolated from 

the rest of the lysate and can be studied alone. 

Proteins such as IGF-1R, HSP70, HSP90 or IDH1 have 

been observed and analysed thanks to this 

mechanism [9]. The analysis and the quantification of 

these proteins allow to obtain more information 

about the presence of a tumor, by evaluating the 

levels and the deregulations of these proteins. 

Indeed, protein levels can be deregulated during the 

development of a tumor. 

d. Analysis of exosomal RNAs 

The exosomes contain RNA of interest for 

the detection of cancers, such as mRNA and miRNA. 

The study of RNAs directly on a microfluidic chip is 

also a possibility. The steps for analysing the 

exosomal RNAs are similar to the steps for analysing 

the exosomal proteins. After separating the 

exosomes from the patient’s biofluid, the exosomes 

are lysed and the RNAs of interest are recovered to 

be later analysed. 

The team of Shao et al. [20] developed a 

microfluidic chip on which the analysis of mRNA is 

directly implanted. After the exosome separation 

from a serum of a glioblastoma patient, and from a 

healthy control serum, they lysed the exosomes to 
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extract the mRNA and transferred them in a chamber 

in the microfluidic device for a reverse transcription 

step. Then, they realized a multiplexed analysis of 

these mRNA with RT-qPCR. The making of the PCR 

is directly implemented on the microfluidic chip, with 

a thermocycler and a portable fluorescence detector. 

Their device revealed that the mRNA levels for some 

proteins, such as EPHA2, EGFR and PDPN, had a high 

diagnosis precision to detect glioblastoma. Other 

studies are in progress, and necessary for cancer 

detection or other diseases, to simplify and enhance 

the diagnosis conditions on a microfluidic device 

[15]. 

Table 2 summarizes the different exosome 

analysis possibilities inside a microfluidic device. The 

ability of integrating analysis steps of the exosomes 

or the content of the exosomes helps to increase the 

speed of the cancer diagnosis, and thus detect the 

cancer earlier. 

Table 2. Exosome analysis approaches inside a microfluidic device 

Analysis approach Sample Targeted cancer Ref. 

Exosome levels Serum, plasma Pancreatic cancer, ovarian cancer 11,16,17 

Exosome subpopulations Serum, blood Ovarian cancer, breast cancer 15,19 

Intravesicular proteins Plasma Lung cancer 9,11,15 

Exosomal RNAs Serum Glioblastoma 15,20 

  

Conclusion and future directions 

Many biomarkers present in biofluids are 

interesting for the early diagnosis and the analysis of 

cancer in a patient. Circulating tumor cells, cell-free 

circulating nucleic acids and exosomes have shown 

to be promising and interesting to study the 

characteristics of the development of a tumor [1]. 

Their presence inside biofluids in sufficient quantities 

to be a significant tumor marker makes them a 

highly important tool for early diagnosis. 

The use of exosomes as cancer biomarkers 

makes them a very promising target for the 

detection and the analysis of a cancer. The 

quantification of the populations of exosomes can 

help to predict a cancer. Many studies demonstrated 

that these exosomes could contain specific tumor 

proteins or nucleic acids [5,6]. They could be a very 

important source of biomarkers for the diagnosis of 

cancer and later the therapeutic care. The proteins 

and the RNA present inside the exosomes, whether 

coding or non-coding, are a tool to detect the 

changes in tumor behaviour. The integration of the 

analysis of exosomes inside a microfluidic tool has 

proved to be a tremendous opportunity for cancer 

diagnosis. The isolation of exosomes inside a 

microfluidic device is possible thanks to 

immunoaffinity, filters or dynamic methods such as 

acoustic waves or FIFFF [10]. Their detection is 

possible with fluorescence microscopy, colorimetric 

analysis or nuclear magnetic resonance. The analysis 

of the exosomes for cancer detection can be done 

by quantifying the total number of exosomes, by 

quantifying specific exosome subpopulation, or by 

analysing the content of the exosomes, by analysing 

the levels of exosomal proteins or RNAs [10,15]. 

Liquid biopsy is becoming a highly 

interesting technique to diagnose cancer when 

considering its advantages. It is considered as one of 

the most promising technologies for diagnosis. It is 

more than a non-invasive method when coupled to 

a microfluidic device, but it is also developing to 

become a key strategy for personalized medicine for 

cancer patients. The use of liquid biopsy with 

microfluidics is an emerging technology which is 

gaining approval by health authorities around the 

world, such as the FDA. Devices like the EGFR 

Mutation Test v2, the cobasR (Roche Molecular 

Systems) or the therascreenR EGFR (Qiagen) have 

received approval for clinical use [1]. 

Future research and development of the 

existing instruments and the creation of new 

microfluidic devices will allow for more precision in 

the isolation of biomarkers, with smaller amounts of 

samples of biofluids, and the precision of the 

detection and analysis of the contents of the 

biomarkers. The microfluidic devices reviewed in this 

paper and other existing technologies have been 

mostly tested in a laboratory, in vitro, but still need 

to be tested in clinical trials [10,15]. Microfluidic 

technologies are more likely to be first 

commercialized in academic fields first, before 

maybe entering the global market. It is the ultimate 

challenge for this exciting technology, so the 
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diagnosis of cancer will be more productive, more 

precise, and cheaper when it will be used at a large 

scale. 
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