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Abstract: The global incidence of colorectal cancer (CRC) is 1.3 million cases. It is the third 

most frequent cancer in males and females. Most CRCs are adenocarcinomas and often begin 

as a polyp on the inner wall of the rectum or colon. Some of these polyps become malignant, 

eventually. Detecting and removing these polyps in time can prevent CRC. Therefore, early 

diagnosis of CRC is advantageous for preventive and instant action interventions to decrease 

the mortality rates. Nanotechnology has been enhancing different methods for the detection 

and treatment of CRCs, and the research has provided hope within the scientific community for 

the development of new therapeutic strategies. This review presents the recent development of 

nanotechnology for the detection and treatment of CRC.
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Introduction
Colorectal cancer (CRC) is a severe health problem and has the third highest incidence 

among the tumor-causing conditions that affect the populations of developed and 

developing countries.1 This cancer is a main reason of morbidity and death in the 

populations of Western countries.2 Generally, CRC occurs due to certain routine fac-

tors and increasing age, with only marginal cases resulting from fundamental genetic 

disorders.3,4 It mostly originates in the lining of the bowel and can migrate into the 

bowel wall and muscle layers beneath if not treated properly.5 In addition, there are 

environmental and genetic factors that can interact in different ways to potentiate 

carcinogenesis.4 Four central theories regarding the pathogenesis of CRC have been 

established. First, genetic and epigenetic variations that trigger colon cancer formation 

promote CRC. Second, the cancer emerges through a multistep succession at both the 

morphological and the molecular levels. Third, loss of genomic stability is an impor-

tant molecular step in cancer formation. Fourth, hereditary cancer syndromes usually 

correspond to germ line forms of important genetic defects, for which somatic occur-

rences drive the appearance of infrequent colon cancers.6 Figure 1 illustrates different 

aspects of CRC, which offer broad focal points for studies and research explorations. 

In vitro studies have assisted to describe the scientific knowledge base regarding the 

incidence of CRC and the mechanisms that maintain its progression and support the 

spread of the disease. Clinical trials and studies have presented insights into disease 

management and patient care. Animal modeling provides a significant bridge between 

in vitro and in vivo studies (Figure 1). Our perceptive of CRC in terms of origination, 

genesis, initiation, and progression continues to improve. Although several factors 

contribute and influence the initiation and progression of the disease, the number of 

potential targets continues to increase.7 This targeting potential will eventually lead to 
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the progress of effective strategies for the management of the 

disease and will translate into better treatments for patients. 

Many decades of research have been directed at develop-

ing novel strategies in cancer research, particularly in the 

areas of diagnosis, enabling earlier cancer therapy to reduce 

cancer mortality. Therefore, prevention, particularly primary 

prevention, is an efficient way of addressing the challenging 

issues of cancer, because many cancers can be prevented 

based on our current knowledge of risk factors. In addition, 

preventive measures should be cost-effective, and its effects 

should not be limited to high-risk subjects but should extend 

to the entire population.8 Nanotechnology has opened up the 

way to the engineering of novel organized materials capable 

of improved performances in the detection and treatment of 

cancer. It has broad application prospects in the diagnosis 

and treatment of CRC and other cancers.4 Nanotechnologies 

applied to CRC include nanoparticle (NP)-based specific 

identification of tumors and cancer biomarkers, biologically 

targeted contrast agents, drug delivery systems, and novel 

treatment approaches. Recently, nanotechnologies have 

gained global consideration due to their potential to improve 

the current standards and techniques for the diagnosis and 

treatment of CRC. The current review discusses the recent 

insights into nanotechnology development for the detection 

and treatment of CRC.

Stages of CRC
The stage of a cancer, which describes the extent of the 

cancer in human body, is one of the most significant factors 

in deciding which treatment to use and how successful the 

treatment might be.9 Table 1 explains the different stages of 

CRC. In stage 0, abnormal cells originate from the colonic 

wall mucosa. These unusual cells may become cancerous 

and spread. In stage I, cancer has formed in the mucosa of 

the colon wall and has extended to the submucosa. Stage II 

colon cancer is divided into stages IIA, IIB, and IIC. Stage III 

colon cancer is divided into stages IIIA, IIIB, and IIIC. Finally, 

stage IV colon cancer is divided into stages IVA and IVB.10,11 

Table 1 provides the descriptions of all these stages. Per 

recent investigations, 5-year survival rates are .90% for 

stage I CRC and ,10% for stage IV CRC.12 Lifestyle-related 

threats include obesity, physical inactivity, eating more quan-

tities of processed or red meat, alcohol addiction, long-term 

smoking, and a diet with insufficient vegetables and fruits. 

In addition, family and/or personal history of CRC and an 

individual history of type 2 diabetes, chronic inflammatory 

bowel disease, or genetic disease like Lynch syndrome or 

familial adenomatous polyposis has been connected with 

augmented risk.13 In broad spectrum, stages 0, I, II, and III 

are often curable with surgery. But, many patients with 

stage III CRC and a few with stage II receive chemotherapy 

after surgery in order to amplify the chance of abolishing 

the disease. CRC patients with stages II and III also receive 

radiation therapy with chemotherapy either before or after 

surgery.14 Stage IV CRC is not often curable, but it is treat-

able and the growth of the cancer and the symptoms of the 

disease can be managed.15 In addition, clinical trials are also 

a treatment selection for each stage.16

Figure 1 Aspects of colorectal cancer that offer broad focal points for studies and research investigations.
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Existing methods to screen and 
detect CRC
Screening is the strategy for identifying the presence of 

cancer in asymptomatic individuals. A number of tests can 

be used to screen for CRCs. Normally, colonoscopy is the 

general screening method for CRC and allows examining the 

entire rectum and colon of a patient for polyps or cancer.17 

This test also allows for the removal of polyps. However, the 

process is expensive and unpleasant. Computed tomographic 

(CT) colonography or virtual colonoscopy is another choice 

for patients who cannot go through a standard colonoscopy 

due to the risk of anesthesia or for persons with an obstruction 

in the colon, which prevents a full examination.18 In sigmoi-

doscopy, a flexible tube, with a light at the end, is inserted 

into the rectum and lower colon to check for polyps, cancer, 

and other abnormalities.19 For patients who cannot undergo 

colonoscopy, an enema containing barium is administered, 

which highlights the outline of the colon and rectum on the 

X-ray images. Stool DNA tests analyze the DNA from a 

person’s stool sample to screen for CRC. These screening 

tests vary with respect to their degree of invasiveness, patient 

expediency, preparation requirement, amount of colon evalu-

ated, and test limitations. Table 2 provides the list of detection 

methods for CRCs and their merits and demerits. In addition 

to these general methods, the CellSearch® assay (Janssen 

Diagnostics, LLC, South Raritan, NJ, USA) is the only US 

Food and Drug Administration-cleared circulating tumor cell 

(CTC) diagnostic technology for metastatic CRC along with 

other cancers like prostate and breast cancers. Enumeration 

of CTCs by the CellSearch® system provides prediction-

related information in metastatic CRC, irrespective of the 

metastatic site.20 CellSearch® assay harvests CTCs with 

anti-epithelial cell adhesion molecule (anti-EpCAM)-coated 

magnetic beads, and the subsequent immunocytochemistry 

process helps to identify CTCs (DAPI+/cytokeratin, CK+/

CD45-) from nonspecifically captured white blood cells 

(DAPI+/CK-/CD45+). Recently, several new systems like 

MagSweeper, IsoFlux, Cynvenio, magnetic sifters, VerI-

FAST, and AdnaGen/Qiagen have been developed to further 

improve the detection speed and efficiency.21 However, 

identifying CTCs in peripheral blood has been proven to be 

more difficult than expected, due to very minute quantity 

of CTCs in blood and lack of technology with sufficiently 

high sensitivity and specificity. In addition, the CellSearch® 

system is very expensive and difficult to operate at the point 

of care. Therefore, the development of alternative sensitive, 

Table 1 Different stages of colorectal cancer and their descriptions

Stage Description

0 early stage of colorectal cancer; also known as carcinoma in situ or intramucosal carcinoma
I The cancer has grown through the muscularis mucosa into the submucosa and may also have grown into the muscularis propria
IIA The cancer has spread through the muscular layer of the colon wall to the serosa (outermost layer) of the colon wall
IIB The cancer has spread through the serosa (outermost layer) of the colon wall but has not spread to nearby organs
IIC The cancer has spread through the serosa (outermost layer) of the colon wall to nearby organs
IIIA The cancer has spread through the mucosa of the colon wall to the submucosa and may have spread to the muscular layer of  

the colon wall. It has spread to at least one but not more than three nearby lymph nodes or cancer cells that have formed in  
tissues near the lymph nodes, or;
The cancer has spread through the mucosa of the colon wall to the submucosa and has spread to at least four but not more  
than six nearby lymph nodes

IIIB The cancer has spread through the muscular layer of the colon wall to the serosa or has spread through the serosa but not to  
nearby organs. It has spread to at least one but not more than three nearby lymph nodes or cancer cells have formed in tissues  
near the lymph nodes, or;
The cancer has spread to the muscular layer of the colon wall or to the serosa of the colon wall. It has spread to at least four  
but not more than six nearby lymph nodes, or;
The cancer has spread through the mucosa (innermost layer) of the colon wall to the submucosa and may have spread to the  
muscular layer of the colon wall. It has spread to seven or more nearby lymph nodes

IIIC The cancer has spread through the serosa of the colon wall but has not spread to nearby organs. It has spread to at least four  
but not more than six nearby lymph nodes, or;
The cancer has spread through the muscular layer of the colon wall to the serosa or has spread through the serosa but not  
spread to nearby organs. It has spread to seven or more nearby lymph nodes, or;
The cancer has spread through the serosa of the colon wall and spread to nearby organs. It has spread to one or more nearby  
lymph nodes, or cancer cells have formed in tissues near the lymph nodes

IvA The cancer may have spread through the colon wall and spread to nearby organs or lymph nodes. It has spread to one organ  
that is not near the colon, such as liver, lung, or ovary or to a distant lymph node

IvB The cancer may have spread through the colon wall and spread to nearby organs or lymph nodes. It has spread to more than  
one organ that is not near the colon or into the lining of the abdominal wall

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


International Journal of Nanomedicine 2016:11submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

2494

viswanath et al

speedy, specificity, and low-cost methods for CRC screening 

and detection is important for cancer prognosis. Novel 

tests based on new biomarkers, new imaging modalities, or 

variations of the existing methods continue to emerge for 

the screening and/or detection of CRC; however, evaluation 

of these options presents a challenge. It has been observed 

that novel diagnostic tests regularly enter practice without 

confirmation of the improved results.22

Existing methods to treat CRC
At present, there are many treatments available for CRC 

based on CRC stage. Table 3 summarizes the advantages and 

disadvantages of some of them. This section is included to 

enable readers to become more aware of some of the different 

treatment options. Surgery is the most common treatment for 

CRC and is often called surgical resection. It is an important 

first line of defense against any cancer, particularly if the 

tumor is well defined.23,24 In CRC, part of the healthy colon or 

rectum and nearby lymph nodes will also be removed. Besides 

surgical resection, surgical options for CRC include laparo-

scopic surgery, colostomy for rectal cancer, radiofrequency 

ablation, and so on. In general, the side effects of surgery 

include pain and tenderness in the area of operation along with 

constipation or diarrhea. Radiation therapy is commonly used 

for treating rectal cancer because this tumor tends to persist 

near where it initially started. A radiation therapy schedule 

generally consists of a specific number of treatments given 

over a set period of time.25 Side effects from radiation therapy 

may include fatigue, mild skin reactions, stomach upset, and 

so on. It may also cause bloody stools from bleeding through 

the rectum or blockage of the bowel. In addition, sexual prob-

lems, as well as infertility in both men and women, may occur 

after radiation therapy. Chemotherapy is the use of drugs to 

demolish cancer cells, normally by stopping the ability of 

cancer cells to grow and divide. Currently, several drugs are 

approved to treat CRC.26 Chemotherapy may cause nausea, 

vomiting, diarrhea, neuropathy, or mouth sores. Targeted 

therapy is a treatment that targets the specific genes of the 

cancer or the tissue environment. This type of treatment blocks 

the growth and spread of cancer cells while limiting damage 

to healthy cells. To find the most effective treatment, we need 

to run tests to identify the genes, proteins, and other factors 

in a patient’s tumor. For CRC, anti-angiogenesis therapy, 

epidermal growth factor receptor (EGFR) inhibitor therapy 

are options. The side effects of the targeted treatments include 

rashes on the face and upper body.

Applications of nanotechnology in 
screening, detection, and treatment 
of CRC
More than four decades ago, foundations were laid down 

for nanotechnologies to fabricate diagnostic and therapeutic 

Table 2 Merits and demerits of different screening methods of CRC

Method Description Merits Demerits

Colonoscopy It allows for the examination of the entire 
inner lining of the rectum and colon of a 
patient for polyps or cancer

It detects most small polyps and 
almost all large polyps and cancers, 
substantially reducing the risk of 
development of and death from CRC

It requires sedation
It may lead to serious bleeding or a tear 
of the intestinal wall

CT 
colonography

It uses a CT scanner to capture images 
of the entire colon. These images are 
two- and three-dimensional and are 
reconstructed to allow a radiologist to 
determine if polyps or cancers are present

It does not require sedation
It is noninvasive, the entire bowel 
can be examined, and abnormal areas 
(such as adenomas) can be detected as 
well as with traditional colonoscopy

It requires a bowel prep to clean out 
the colon
It may detect abnormalities other than 
polyps or cancer in the colon/rectum

Sigmoidoscopy It allows a physician to directly view the 
lining of the rectum and the lower part of 
the colon

It identifies polyps and cancers in the 
descending colon and rectum with a 
high degree of accuracy

It cannot detect polyps or cancers that 
are located on the right side (such as the 
cecum, ascending colon hepatic flexure, 
or some of the transverse colon)

Stool tests 
(FIT or FOBT)

These are kits that can detect abnormal 
blood or DNA markers. FOBT uses guaiac 
to detect blood. FIT, on the other hand, 
uses antibodies to detect blood in the stool

Cleansing of the colon is not required
Samples can be collected at home
The cost is low compared with other 
bowel cancer screening tests

It cannot detect nonbleeding tumors

Double-
contrast 
barium enema

This is a barium sulfate suspension that 
is injected with air into the rectum via a 
flexible tube; X-ray images are then taken

This test generally allows the 
doctor to view the rectum and the 
entire colon
Complications are rare
Sedation is not necessary

The test may not detect some small 
polyps and cancers
A thorough cleansing of the colon is 
necessary before the test
False-positive results are possible

Abbreviations: CRC, colorectal cancer; CT, computed tomography; FIT, fecal immunochemical test; FOBT, fecal occult blood test; prep, preparation.
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agents in a more well-organized manner.27 Achieving this 

vision became more clearer and sensible over the last few 

years, with the rising numbers of nanodiagnostics and 

nanotherapeutics being commercialized or having reached 

the clinical stage.28 Several useful nanotechnological appli-

cations have been identified in cancer biology, including 

early detection of tumors and the development of treat-

ment approaches that cannot be achieved using the existing 

conventional technologies.29 In fact, in certain cancers, 

nanometer-sized particles of diverse shapes and composi-

tions have come out as promising and important new tools for 

CRC diagnosis, staging, and therapeutics.30 Early detection 

of CRC is the key for prevention, and it has the ability to 

impact the long-term survival of patients with CRC. Here, 

we summarize the recent achievements of NPs that offered 

new prospects for the early detection and successful treat-

ment of CRC.

Applications of quantum dots
Quantum dots (QDs) are semiconductor nanocrystals that 

fluoresce on excitation with light and have exceptional optical 

characteristics, including high brightness, resistance to photo-

bleaching, and the ability to emit fluorescence at different 

wavelengths. Given the optical and chemical advantages of 

QDs, QD-based nanotechnology is an emerging platform for 

studying cancers including the CRC.31–33

In a recent study, researchers qualitatively analyzed the 

expression level of large external antigen in tissue samples 

from CRC patients using QD-based immunohistochemistry 

(QD-IHC) and conventional IHC.34 Compared with conven-

tional IHC, QD-IHC offered several noticeable advantages 

for protein marker quantification. These included higher 

sensitivity, simpler operation, less human interference, and 

increased capability for simultaneous multifactor analysis, 

which would lead to more accurate clinical evaluations. 

Therefore, QD-IHC could be a substitute for conventional 

IHC in clinical applications. In addition, unlike the major-

ity of other studies that primarily focus on marker detection 

in tissue sections using QD probes, QD-based immunocy-

tochemistry combined with imaging quantitative analysis for 

the detection of large external antigen in living cells achieved 

results that were in agreement with those generated using 

flow cytometry. This result suggested that this method is for 

noninvasive molecular analysis of rare CTCs and provided a 

rationale for expanding the application of QD probes to clini-

cal practice.34 In another study, a simple and highly sensitive 

Table 3 Merits and demerits of various existing methods of treatment of CRC

Method Description Merits Demerits

Surgery Surgery is the most common treatment 
for CRC and is often called surgical 
resection. It includes laparoscopic 
surgery, colostomy for rectal cancer, 
and radiofrequency ablation

Surgical removal of a tumor is 
an important first line of defense 
against CRC, particularly if the 
tumor is well defined

Surgery has been shown to increase the risk of 
death by metastasis in certain cancer patients 
by simple mechanical disruption of tumor 
integrity. Pain and tenderness in the area of 
the operation are other general demerits

Radiation 
therapy

Radiation therapy is the use of high-
energy X-rays to destroy cancer cells

For CRC, radiation therapy may 
be used before surgery, called 
neoadjuvant therapy, to shrink the 
tumor, so that it will be easier to 
remove. It may also be used after 
surgery to destroy any remaining 
cancer cells. Both the approaches 
have worked to treat this disease

The sensitivity to ionizing radiation differs 
from one subject to another, with respect to 
the amount of damage caused to healthy cells. 
In those with increased sensitivity to radiation 
damage, exposure to radiation therapy can 
cause sufficient DNA damage to initiate the 
development of further neoplasms

Chemotherapy Chemotherapy is the use of drugs to 
destroy cancer cells, which usually 
stops the ability of cancer cells to grow 
and divide

Chemotherapy is a well-
recognized treatment modality

Chemotherapy may cause vomiting, nausea, 
diarrhea, neuropathy, or mouth sores

Targeted 
therapy

Targeted therapy is a treatment that 
targets the cancer-specific genes or 
proteins or the tissue environment that 
contributes to the growth and survival 
of cancer

This type of treatment blocks the 
growth and spread of cancer cells 
while limiting damage to healthy 
cells

The side effects of targeted treatments can 
include a rash on the face and upper body

Immunotherapy Immunotherapies used for treating 
CRC include monoclonal antibodies, 
immune modulators, cancer vaccines, 
cytokines, and adjuvants

Uses the body’s own immune 
system. Fewer side effects and 
can improve long-term survival 
by 30%

Some immunotherapy drugs have severe side 
effects, high cost, and possible short-term 
efficacy

Abbreviation: CRC, colorectal cancer.
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technique was developed to detect aldo-ketoreductase family 

1 member B10 (AKR1B10), a prognostic predictor and 

therapeutic target for CRC in the serum, using QDs with a 

high-fluorescence quantum yield against photo bleaching and 

size-controlled luminescence.35 This immunofluorescence 

assay to detect serum AKR1B10 using anti-AKR1B10-

conjugated CdTe/CdS QDs is a promising approach for the 

early prediction of CRC. This technique was simple and fast 

with high sensitivity and specificity.

Carbary-Ganz et al36 developed a technology in which 

optical coherence tomography/laser-induced fluorescence 

dual-modality imaging allows for slightly invasive, nonde-

structive endoscopic visualization of CRC.36 This strategy 

enables simultaneous longitudinal tracking of morphological 

(optical coherence tomography) and biochemical (fluores-

cence) alterations during CRC development and progression. 

In the carcinogen-treated mice, QDot655 targeted to vascular 

endothelial growth factor receptor 2 (QD655-VEGFR2) 

localized to the colon and offered a considerably high contrast 

between the diseased and healthy tissue with high sensitivity 

and specificity ex vivo.36 In another study, researchers devel-

oped an exceptional cell-targeted, paramagnetic-fluorescent 

double-signal molecular nanoprobe (GdDTPA⋅BSA@QDs-

PcAb) for in vivo magnetic resonance imaging (MRI) diag-

nosis and subsequent biopsy of CRC.37 These multipurpose 

GdDTPA⋅BSA@QDs-PcAb nanoprobes were synthesized 

by surface engineering of QDs with DTPA⋅BSA-Gd3+ mac-

romolecule complex under ultrasonication conditions. The 

resulting GdDTPA⋅BSA@QDs exhibit excellent colloidal 

constancy with fine hydrodynamic size in a broad array 

range of pH values and ionic strengths. They also exhibit 

much higher transverse relaxivity and longitudinal relaxiv-

ity in water than commercial Gd–DTPA solutions.37 In vivo 

MRI revealed GdDTPA∙BSA@QDs-PcAb to be a promising 

candidate for use in CRC contrast-enhanced MRI diagnosis. 

Biodistribution results showed gradual clearance of the nano-

probes from the body via biliary (hepatobiliary) excretion. 

No obvious in vitro or in vivo toxicity was observed in the 

MTT assay or toxicity studies, respectively. Based on these 

experimental evidences, the GdDTPA∙BSA@QDs-PcAb 

nanoprobes show great potential for CRC tumor-targeted 

MRI and tumor tissue biopsy analysis.37

Gazouli et al38 assessed the CRC-targeting ability of 

bevacizumab-conjugated QDs in vitro and in vivo. In the 

in vitro studies, immunocytochemical data confirmed strong 

and specific binding of the QD-bevacizumab complex to the 

cells. In vivo fluorescence imaging showed improvement 

of the tumor-specific signal following injection of the QDs. 

This study successfully detected VEGF-expressing tumors 

using QDs-bevacizumab nanoprobes in vitro and in vivo, and 

these consequences represent a significant advancement in 

VEGF-targeted noninvasive imaging in clinical practice.38 

In another study, Carbary-Ganz et al39 successfully labeled 

CRC in vivo using QDs targeted to VEGFR2. QDs with emis-

sion centered at 655 nm were bioconjugated to anti-VEGFR2 

antibodies through streptavidin/biotin linking.39 The resulting 

QD655-VEGFR2 contrast agent was functional in vivo and 

localized to the colon of azoxymethane-treated mice follow-

ing lavage and incubation. This QD655-VEGFR2 contrast 

agent significantly enhanced the contrast between diseased 

and normal tissues. Specificity was assessed by observing 

an inappropriate increase in contrast, when labeling colons 

of azoxymethane-treated mice with QDs bioconjugated to 

isotype control antibodies and by labeling the colons of 

saline-treated mice (control). This contrast agent shows great 

possibility for in vivo endoscopic imaging of the colon.39

Using the subtractive Cell-SELEX technology under 

selective conditions, Li et al40 produced a panel of seven 

aptamers (Apts) that specifically bind metastatic CRC cells 

(LoVo cells) and some other metastatic cancer cell lines 

with high affinity, thereby offering broad-spectrum specific 

recognition of metastatic cancer cells. This study demon-

strated that Apts selected from single Cell-SELEX can be 

individually functionalized for various purposes according to 

the biochemical properties of the targets, thereby increasing 

the advantages of the Cell-SELEX approach. The receptor-

targeting Apt W14 was used as a targeted carrier for specific 

delivery of doxorubicin to target cells in order to remarkably 

decrease the cytotoxicity of this drug. The nonmembrane 

receptor-binding Apt W3 conjugated to a QD was used as a 

molecular probe for targeted imaging of metastatic cancer 

cell lines, metastatic tumor-bearing tissue sections, and 

formalin-fixed paraffin-embedded specimens from CRC 

patients.40 These two Apts (W14 and W3) may be adopted for 

combinational diagnostic and therapeutic applications as they 

target the same cells. In addition, the seven Apts investigated 

in this study exhibited no cross recognition of their individual 

targets. This finding suggested that these Apts can be used in 

combination for multitarget cancer cell imaging and multitar-

get drug therapy to overcome drug resistance, gaining high 

detection sensitivity, and attaining good treatment effective-

ness for metastatic cancer.40 Therefore, QDs are a technologi-

cal advancement that can revolutionize CRC diagnosis and 

treatment. As stated earlier, QDs are now widely used for the 

detection of cancer biomarkers and cancer cell invasion and 

for focusing on the tumor environment. Furthermore, they 
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represent a new strategy for deeper analysis of CRC tumor 

heterogeneity, as well as showing promise for the diagnosis 

and treatment of CRC.

Applications of iron oxide 
nanocrystals
Iron oxide NPs have the dual ability to act as both magnetic 

and photothermal agents and have been approved for human 

use as MRI contrast agents. They also have excellent bio-

degradability in vivo, and the iron ions they release upon 

dissolution can be assimilated by the body through a tightly 

regulated physiological process.41 Kuo et al42 fabricated 

smart multifunctional magnetic nanovehicles encapsulating 

anticancer drugs and an antibody-targeting peptide AP-1 

(MPVA-AP1).42 In this study, the magnetic nanovehicles 

with consistent sizes and dispersed in aqueous solution dis-

played good hemocompatibility and no toxicity toward L929 

fibroblasts, which showed their potential for applications in 

therapeutics. Using a simple synthesis method, that is, the 

double-emulsion method, the researchers observed consider-

able encapsulation of both hydrophilic and hydrophobic low-

molecular-weight drugs and protein-like drugs. Furthermore, 

the antibody-targeting peptide AP-1 was immobilized on the 

surface of the magnetic nanovehicles, and the immobilization 

was confirmed through electron spectroscopy. A CRC cell 

(CT26-IL4Rα) test revealed that the AP-1-bound nanove-

hicles (MPVA-AP1) exhibited outstanding targeting and 

selectivity. A stable storage test confirmed near-zero leakage 

of the encapsulated drugs in the absence of the magnetic 

stimulus. In contrast, the doxorubicin-loaded nanovehicles 

ruptured upon high-frequency magnetic field treatment, that 

is, rapid and accurate controlled release. Moreover, in vivo 

studies established that the magnetic nanovehicles displayed 

obvious thermotherapeutic and chemotherapeutic effects. 

Thus, smart magnetic nanovehicles, such as MPVA-AP1, 

have significant potential for targeted doses and accurate 

controlled release in anticancer applications.42

Esmaelbeygi et al43 demonstrated the effectiveness of 

polylactide-co-glycolic acid (PLGA) NPs as a 5-fluorouracil 

(5-FU) carrier with and without an iron oxide core and 

hyperthermia at the point of DNA damage in a spheroid 

culture model of HT-29 colon cancer cell lines by alkaline 

comet assay.43 In their study, the cells treated with a com-

bination of hyperthermia and 5-FU or NPs as 5-FU carriers 

showed more DNA damage than the controls. The degree 

of DNA damage following the treatment with 5-FU-loaded 

NPs and hyperthermia was considerably more than that for 

5-FU and hyperthermia. Between 5-FU-loaded NPs with 

and without the iron oxide core, the NPs with the iron oxide 

core in combination with hyperthermia induced more DNA 

damage than those without the iron oxide core. As per this 

study, hyperthermia is a harmful agent, and NPs are efficient 

delivery vehicles of drugs to CRCs. The iron oxide-filled 

NPs increased the effect of hyperthermia and could be highly 

useful in the treatment of CRCs.

Yang et al44 synthesized magnetic nanoparticles coated 

with antibodies against carcinoembryonic antigen (CEA) and 

studied different characteristics like particle size, particle 

suspension, bioactivity, and the constancy of biomagnetic 

NPs suspended in liquid.44 In addition, the characteristics 

of the CEA molecules in serum were studied, and the assay 

method used was immunomagnetic reduction. Their results 

showed that the effects of common materials in serum that 

interfere with the detection of signals are not vital. The 

lower limit of detection was 0.21 ng/mL, which is below 

the clinical threshold of 2.5 ng/mL. The dynamic range for 

the assay of CEA molecules in serum was 2.5–500 ng/mL. 

By quantifying serum CEA levels in 24 controls (normal) 

and 30 CRC patients, the threshold for the serum-CEA con-

centration for CRC diagnosis was found to be 4.05 ng/mL, 

which yields a clinical sensitivity of 0.90 and specificity of 

0.87.44 In another study, researchers encapsulated the pacli-

taxel (PTX) and super-paramagnetic iron oxide (SPIO) inside 

the core of PEALCa micelles and used these for potential 

cancer therapy.45 Drug release study showed that the PTX 

in the micelles was released faster at pH 5.0 lower than 

the neutral pH. Cell culture experiments revealed that the 

PTX-SPIO-PEALCa micelle was successfully internalized 

by human CRC LoVo cells, and PTX was likely entrenched 

within lysosomal compartments. In addition, the accuracy of 

delivery to LoVo cells was confirmed in vivo by MRI and 

histological analysis. Furthermore, successful suppression 

of CRC LoVo cell growth was confirmed. Their observa-

tions established that the PTX-SPION-loaded pH-sensitive 

micelles were a capable MRI-visible drug-release system 

for CRC therapy.45

Mannucci et al46 tested magnetosomes (MNs), magnetic 

NPs produced by magnetotactic bacteria, to develop novel 

therapeutic strategies for neoplastic diseases.46 They extracted 

MNs from the gram-negative bacterium, Magnetospirillum 

gryphiswaldense, and tested their interactions with cellular 

elements and antineoplastic activity both in vitro and in vivo. 

In vitro studies executed on HT-29 cell cultures established 

strong uptake of MNs without any cytotoxicity. In vivo 

experiments were carried out on subcutaneous tumors in 

mice, and MNs were administered by direct injection into the 
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tumor, and the tumors were monitored by MRI. Histological 

investigation showed fibrous and necrotic areas close to the 

MN injection sites in mice subjected to a total thermotherapy 

procedure. These observations, even though relating to a spe-

cific tumor model, might be helpful to further investigate the 

feasibility and efficacy of protocols based on magnetic fluid 

hyperthermia. In addition, magnetic nanoparticles naturally 

produced and extracted from bacteria appear to be appropriate 

candidates for applications in cancer therapy.46

He et al reported the covalent conjugation of lectin 

on Fe
2
O

3
@Au core@shell NP (lectin-Fe

2
O

3
@Au NP) for 

T2-weighted MRI and X-ray CT dual-modality imaging.47 

The lectin-Fe
2
O

3
@Au NPs are synthesized by combining 

lectins with the Fe
2
O

3
@Au NP surfaces through bifunctional 

polyethylene glycol (PEG) NHS ester disulfide (NHS-PEG-

S-S-PEG-NHS) linkers. After the nonspecific adsorption 

places on the surface of NP are blocked by thiolated PEG 

(PEG-SH), the lectin-Fe
2
O

3
@Au NPs showed exceptional 

stability in biological medium and imperceptible cytotoxic-

ity. A sequence of both in vitro and in vivo trials performed 

for assessing the potential of three selected lectins (ConA, 

RCA, and WGA)-Fe
2
O

3
@Au NPs revealed that the lectin-

Fe
2
O

3
@Au NPs could be used for dual mode MRI and CT 

imaging in vitro and also for MRI and CT imaging of CRC 

in vivo. The obtained results recommend that lectins could 

be used as tumor targeting ligands in NP-based contrast 

agents.47

Applications of PLGA 
nanoparticles/nanocells
Biodegradable PLGA NPs have been used as carriers for 

peptides, proteins, nucleotides, vaccines, and drugs. These 

can help in protecting drug moieties from degradation and 

consequently ensure sustained release of drugs.48 NPs have 

also been extensively studied for their potential use in cancer 

therapy, particularly for CRC. For instance, curcumin-loaded 

PLGA NPs for colon delivery were successfully prepared 

using the emulsion–solvent evaporation technique.49 The use 

of the 23 factorial design model enabled the development of 

an optimized curcumin-loaded PLGA-based nanoformulation 

using minimal raw material in a short time. Studies based on 

differential scanning calorimetry confirmed the presence of 

curcumin in an amorphous or disordered crystalline phase of 

molecular dispersion form or in a solid solution state in the 

polymer matrix. Fourier transform infrared studies confirmed 

that no substantial interactions occur between curcumin and 

PLGA. Transmission electron microscopy images of the opti-

mized blank NPs (B-PNP
9
) and curcumin-loaded PLGA NPs 

(C-PNP
9
) revealed that the NPs were discrete, nonaggregated, 

and spherical in shape and displayed good size distribution. 

The smaller size, sustained release, better colloidal stability 

in synthetic gastrointestinal fluids, long-term stability, and a 

considerably higher cellular uptake in HT-29 cells as com-

pared with those of pure curcumin solution indicate that the 

optimized curcumin-loaded PLGA NP formulation (C-PNP
9
) 

has high potential as an initial platform for the further devel-

opment of an efficient oral targeted drug-delivery system 

to the colon, especially if it is further functionalized with a 

mucoadhesive polymer or a specific targeting ligand.49

In another study, researchers prepared chitosan polymeric 

NPs by the solvent evaporation emulsification method, with 

varied ratios of polymer.50 They concluded that the NPs 

prepared by solvent evaporation emulsification using the 

polymer at the optimum ratio represents an approach for 

potentially successful delivery of the active pharmaceutical 

element to the colorectal tumors.50 Total health centre com-

plex N-38 is a highly effective drug against many cancers, 

as it contains pharmaceutically active ingredients. However, 

the development of an optimal delivery system for SN-38 is 

challenging, owing to its low solubility and the presence of 

a labile lactone ring. Essa et al51 used SN-38 encapsulated in 

poly(d,l-lactide-co-glycolide) NPs in their study to improve 

its cellular uptake, solubility, and stability. SN-38-loaded 

NPs prepared by the spontaneous emulsification solvent 

diffusion method have the ability to protect the active lac-

tone ring of SN-38 against degradation under physiological 

conditions. They used the COLO-205 (colorectal adenocar-

cinoma) cell line to assess the effects of NPs on cytotoxicity 

and cellular uptake and found significantly decreased cell 

proliferation and apoptosis. Their results suggest that these 

SN-38-loaded NPs are a potentially desirable drug-delivery 

system to treat CRC.51

Polymeric NPs are known to assist the intracellular uptake 

of drugs to enhance their effectiveness, with lowest bioreac-

tivity. In a study, researchers assessed cellular uptake and traf-

ficking of PLGA NPs and chitosan (Chi)-covered PLGA NPs 

in human colorectal adenocarcinoma cells (COLO-205).52 

Neither Chi-PLGA nor PLGA NPs were toxic to the assessed 

cells at concentrations of up to 2,500 μg/mL. This study 

offered novel insights into the interaction of NPs with target 

cells, sustaining the use of NPs as new drug-delivery systems 

in cancer therapy.52 In another study, Tang et al53 prepared 

NPs loaded with 5-FU and investigated the feature of NPs 

and their role in peritoneal metastasis nodule pattern in colon 

cancer. They successfully synthesized antitumor NPs loaded 

with 5-FU, which had inhibitory effects on the CRC cell line 
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and peritoneal disseminations in a nude mouse model. This 

might represent a new antitumor preparation for peritoneal 

metastases, with intense clinical applications.

In a study, researchers proposed the use of PLGA-based 

polymeric oil-core nanocapsules (NCs) for curcumin loading 

and delivery to CRC in mice after systemic injection.54 Their 

findings specify that castor oil-core PLGA-based NCs pro-

vide elevated drug-loading efficiency and that the curcumin-

loaded NCs are more effective against CT26 cells than the 

free drug and apply therapeutic activity in vitro, leading to 

apoptosis and blockade of the cell cycle. Additionally, the 

formulated NCs have a better half-life in blood circulation 

than that of the non-PEGylated NCs and accumulate in the 

subcutaneous CT26 tumors in mice after complete adminis-

tration. The obtained results are established by optical and 

single-photon emission CT/CT imaging. In addition, in vivo 

growth delay experiments were performed, and significantly 

smaller tumor volumes were observed than those in ani-

mals injected with empty NCs. This study demonstrates an 

immense potential of the formulated NC in treating CRC.54 

To enhance the effectiveness of drug delivery, active tar-

geted nanotechnology-based drug-delivery systems are 

receiving significant consideration, as they have the ability 

to minimize the side effects, reduce the toxicity, and elevate 

the effectiveness of anticancer treatment. For instance, 

Li et al55 synthesized curcumin-loaded lipid-polymer-lecithin 

hybrid NPs (CUR-NPs) and functionalized them with RNA 

Apts against EpCAM for targeted delivery to colorectal 

adenocarcinoma cells. Their results demonstrated that the 

EpCAM Apt-functionalized CUR-NPs showed improved 

targeting and delivery of CUR to CRC cells.55

Dendrimer applications
Dendrimers are three-dimensional macromolecular structures 

that originate from a central core molecule and are bounded by 

the consecutive addition of branching layers. These structures 

show a high degree of molecular consistency, a fine molecu-

lar weight distribution, tunable size, in addition to shaping 

characteristics, along with multivalency. Altogether, these 

physicochemical properties with progressions in design of bio-

degradable backbones have conferred numerous applications 

to dendrimers in the development of nanopharmaceuticals.56–58 

Xie et al hypothesized that the dual antibody conjugates may 

confer the advantage of capturing CTCs purposely as opposed 

by their single antibody counterparts.59 They established that 

the surface-functionalized dendrimers can be consecutively 

covered with two antibodies directed to surface biomarkers 

(EpCAM and Slex) of human colorectal CTCs. The dual 

antibody-coated dendrimers demonstrate a considerably 

improved specificity toward capturing CTCs in the pres-

ence of interfering blood cells and in both patient blood and 

nude mice administered the labeled CTCs compared to their 

single antibody-coated counterparts. In addition, the dual 

antibody-coated conjugates down-regulate the captured 

CTCs. This study provided the first theoretical confirmation 

of two antibodies that could be biocompatible conjugated to 

a nanomaterial to capture and down-regulate CTCs in vivo 

with the improved specificity.59 Furthermore, these findings 

provided the foundation for designing effective and safe 

nanomedicines for capturing and restraining CTCs and, for 

the first time, provided conceptual evidence for a new strategy 

for the prevention of cancer metastasis.59

Xie et al in another study reported a successful approach 

to specifically bind and capture HT29 cells by means of 

several Sialyl Lewis X antibodies (aSlex)-conjugated 

Poly(amidoamine) dendrimers.60 The conjugation was char-

acterized by ultraviolet, atomic force microscope, and fluo-

rescence measurements. The capture and regulation of colon 

cancer cells by the aSlex-coated dendrimer conjugate were 

examined by micro scopy and flow cytometry. The conjugate 

showed improved capture of HT29 cells in a concentration-

dependent manner, and the utmost capture competence was 

attained within 1 hour of exposure. The G6-5aSlex-FITC 

conjugate proved a better capture efficiency than FITC-G6-

COOH-5aSlex conjugate. In addition, the G6-5aSlex-FITC 

conjugate particularly captured HT29 cells, even after the target 

HT29 cells were diluted with the interfering cells to a low con-

centration. The capture resulted in a concentration-dependent 

control of cell activity. Consequently, the aSlex-coated den-

drimer conjugate displayed immense potential in capturing 

and restraining colorectal CTCs in blood.60 Moreover, the 

study on regulation mechanism proved that the viability of 

captured CTCs declined in a modest concentration-dependent 

manner. This improved cell capture and regulation ability of 

conjugates allowed the design of new functionalized nano-

materials to capture and restrain CTCs in blood.

A sequence of telodendrimers, suspended with linear 

PEG-blocking dendritic oligomer of cholic acid and vitamin 

E, designed with architectures optimized for competent 

delivery of gambogic acid (GA) and other natural anti-

cancer compounds have also been reported previously.58 

Two of the telodendrimers with segregated cholic acid 

and vitamin E domains self-assembled into cylindrical or 

spherical NPs after being filled with GA as observed under 

TEM, which correlated with the dynamic light scattering 

analysis of sub-30 nm particle sizes. A high GA loading 
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ability and constant drug release were obtained with the 

optimized telodendrimers. These novel nanoformulations 

of GA were established to display similar in vitro cyto-

toxic activity against colon cancer cells as the free drug. 

Near-infrared fluorescence small animal imaging showed 

favored accumulation of GA-loaded NPs into tumor tissue. 

Optimized nanoformulation of GA accomplished superior 

antitumor effectiveness compared with GA-Cremophor EL 

formulation at corresponding doses in HT-29 human colon 

cancer xenograft mouse models.58 Therefore, the moderate 

unfavorable effects linked with this natural compound and the 

improved anticancer effects via tumor-targeted telodendrimer 

delivery make this optimized GA nanoformulation a capable 

substitute to the traditional chemotherapy in colon cancer 

treatment.58 In 2014, researchers reported a new platform 

that was developed to re-engineer nanoscale dendrimers for 

the capture of CTCs in blood and to facilitate the adhesion 

of interfering CTCs to vascular endothelial bed to form 

micrometastatic foci.61 These nanoscale dendrimers were 

accommodated with dual antibodies to target two surface 

biomarkers of colorectal CTCs. The dual antibody conjugates 

were capable to particularly recognize and bind CTCs and 

reasonably down-regulate the activity of the captured CTCs 

by arresting cells in the S phase. The associated adhesion 

assay showed that the dual antibody conjugates obstructed 

the hetero-adhesion of CTCs to fibronectin (Fn)-coated sub-

strates and human umbilical vein endothelial cells. Moreover, 

dual antibody conjugates demonstrated improved specificity 

and competence in restraining CTCs in vitro and in vivo in 

contrast to their single antibody counterparts. These observa-

tions revealed an innovative means of effectively preventing 

cancer metastatic initiation by binding and restraining CTCs 

and inhibiting their hetero-adhesion to blood vessels, but not 

by traditional cytotoxic-killing of cancer cells.61 A summary 

of different nanotechnological methods in the detection and 

treatment of CRC is presented in Table 4.

Other NPs used in the detection 
and treatment of CTC
Encapsulating chemotherapy drugs within targeted nano-

delivery systems is a capable strategy to undertake cancer 

and avoid the adverse influences of conventional treatment. 

In the last 10 years, although numerous nanocarriers with 

diverse characteristics have been assessed, polypeptide-based 

copolymers have involved substantial consideration for their 

biocompatibility, controlled and slow biodegradability, and 

low toxicity. For example, researchers have formulated, 

characterized, and assessed poly(trimethylene carbonate)– 

block–poly(l-glutamic acid) derived polymersomes, which 

were targeted to the EGFR, loaded with plitidepsin, and tested 

for specificity and efficacy in HT29 and LS174T CRC cell 

lines.62 A systematic in vitro cytotoxicity assessment of the 

unloaded polymersomes was carried out to determine viability, 

cell membrane asymmetry, biocompatibility check, and reactive 

oxygen species levels. These cytotoxicity assays established a 

fine biocompatibility for plitidepsin-unloaded polymersomes. 

Table 4 Summary of nanotechnological methods in the detection and treatment of CRC

Nanosystem Structure Characteristics Applications 
in CRC

QDs QDs are nanocrystals of a semiconducting material 
with diameters in the range of 2–10 nm

QDs have excellent optical properties, including high 
brightness, resistance to photobleaching, and tunable 
wavelength

Detection and 
treatment

Iron oxide 
nanocrystals

These are iron oxide particles with diameters 
between about 1 and 100 nm

They have attracted extensive interest due to their 
superparamagnetic properties and their potential 
applications in many fields

Detection

PLGA 
nanoparticles/
nanocells

Different structures of PLGA copolymers with 
various properties have been used in different drug 
delivery systems

PLGA is one of the most successfully used 
biodegradable polymers because its hydrolysis leads 
to metabolite monomers, lactic acid, and glycolic acid

Detection and 
therapy. Approved 
by the US FDA

Dendrimers These are radially emerging hyperbranched synthetic 
polymers with regular pattern and repeated units

These are repetitively branched molecules 
characterized by structural perfection

Detection and 
treatment

Liposomes These are self-assembling closed colloidal structures 
composed of lipid biolayers

Liposomes are artificially constructed vesicles 
consisting of a phospholipid bilayer. Liposomes 
are an effective way to transport water soluble 
(hydrophilic) substances into or out of a cell

Detection and 
treatment

Gold 
nanoshells

Gold nanoshells are SPR nanoparticles consisting of 
a nanoscale silica core surrounded by an ultra-thin 
gold shell

This class of plasmonic nanoparticles has a wide 
variety of applications, including uses in optical filters, 
sensing, and cancer therapy

Detection and 
treatment

Abbreviations: CRC, colorectal cancer; FDA, Food and Drug Administration; PLGA, polylactide-co-glycolic acid; QD, quantum dots; SPR, surface plasmon resonant.
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The cellular uptake and cytotoxic effect of EGFR-targeted 

plitidepsin-loaded polymersomes specified that the CRC cell 

lines were more sensitive to anti-EGFR drug-loaded than 

untargeted drug-loaded polymersomes. Additionally, the use of 

untargeted polymersomes reduced plitidepsin cytotoxicity and 

cellular uptake, indicating that the use of this targeted nanocar-

rier in both cell lines is a capable strategy to undertake CRC and 

avoid unwanted side effects of the normal treatment.62

Gold nanoshells or gold nanospheres have been studied 

over the past decade because of their inherent localized sur-

face plasmon resonance. Altering the core size, gold shell 

thickness, and composition of the particles, the plasmomic 

resonance of gold nanospheres can have an absorbance 

ranging from the visible region of the spectrum to the near-

infrared region. Water and naturally occurring fluorochromes 

have the least absorption coefficient in the near-infrared 

region; consequently, light can penetrate deeper into the tis-

sues. Gold nanospheres can also be conjugated with imaging 

reporters and carry drug payloads, genes, and other chemo-

therapeutic agents for theranostic applications. Although 

they can passively accumulate in tumors, gold nanospheres 

can be functionalized with active targeting ligands such as 

antibodies, Apts, and peptides to increase the specific binding 

of the particle to required targets.63

In another study, researchers described new near infra-

red fluorescent proteinoid-poly(l-lactic acid) (PLLA) NPs 

preparation.64 Here they prepared a P (EF-PLLA) random 

copolymer by thermal copolymerization of l-glutamic acid 

(E) with l-phenylalanine (F) and PLLA.64 Under optimal con-

ditions, this proteinoid-PLLA copolymer can self-assemble 

into hollow nanosized particles and was used to encapsulate 

the NIR dye, indocyanine green. The encapsulation process 

increased the photostability of the dye, and these near-infrared 

fluorescent NPs were steady and nontoxic. There was no 

detectable leakage of the near-infrared dye from these NPs into 

phosphate-buffered saline containing human serum albumin. 

Tumor-targeting ligands, such as peanut agglutinin and anti-

CEA antibodies, were covalently conjugated to the surface 

of the near-infrared fluorescent P (EF-PLLA) NPs, thereby 

increasing the detectable fluorescent signal from tumors with 

the corresponding up-regulated receptors. Specific colon 

tumor detection by the near-infrared fluorescent P (EF-PLLA) 

NPs has been demonstrated in a chicken embryo model.64

Combinatorial nanomedicines for 
CRC therapy
Nanomedicine has an incredible potential for revolutionizing 

the therapeutics and diagnostics under the premise of 

developing ingenious nanodevices. Researchers reported 

multidrug delivery using NPs to mediate resistance in relaps-

ing cancers and to improve cancer treatment efficacy.65,66 

Recently, a research group focused on an effective strategy to 

improve the efficacy of 5-FU-assisted chemotherapy against 

colon cancer.65 This has been managed by combinatorial strat-

egy in which CRC was used in combination with 5-FU.65 The 

potential of both the drugs was enhanced by nanoencapsula-

tion, in which a nontoxic polymeric carrier system “thiolated 

chitosan” was used. In this study, the enhanced anticancer 

effects of combinatorial nanomedicine are advantageous in 

terms of decrease in the dosage of 5-FU, thereby enhancing 

the chemotherapeutic efficacy and patient compliance of 

CRC cases. The nanosized drug-encapsulated systems are 

advantageous in terms of passive targeting, which helps in 

the retention of more drug-loaded NPs into tumors through 

enhanced permeability and retention effect (Figure 2). These 

exciting strategies have served as a base for the next phase 

of cancer nanomedicine in the clinic.65,67–70

Future prospective
Nanoscience applied to cancer research is proving to be a 

critical and encouraging approach for the eventual elimina-

tion or at least chronic control of cancer. Nanotechnology 

has been making a significant impact on cancer diagnosis 

and therapeutic management in revolutionary ways. The 

development of drug delivery systems that are able to modify 

the biodistribution, tissue uptake, and pharmacokinetics of 

therapeutic agents is considered to be of immense importance 

in biomedical research. Controlled release drug delivery 

can considerably increase the therapeutic consequence of 

a drug. The striking properties of nanomedicines include 

their capability to controlled release of drugs, targeting of 

definite tissues, and biocompatibility. Because of their minute 

size, NPs can be taken up very efficiently by cells forming a 

constant nanocomplex, thereby defending it from nuclease 

degradation and allowing successful delivery to the tumor 

site. In spite of the challenges restricting its application, it is 

promising that nanomedicine in future would play a critical 

role in the detection and treatment of human CRC, and also 

in the improvement of normal human physiology.

Conclusion
Recently, there has been an increased focus on developing 

novel drug delivery systems, targeted therapies, and medical 

devices, including the use of nanotechnology and nanoma-

terials. This focus is translating to increase in vitro diag-

nostics through a number of submissions for drug products 
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Figure 2 Schematic representation of the advantages of combinatorial nanomedicines in CRC.

and medical devices to the Food and Drug Administration. 

Although subject to the similar regulatory principles and 

pathways as any other drug or device, the unique proper-

ties that arise from the small-sized and large surface area of 

nanomaterials may lead to further scientific considerations 

when following the present guidelines and practices of the 

Food and Drug Administration. Nanotechnology may enable 

medical products to develop beyond a single mode of action 

into multifunctional platforms performing several functions 

such as nanotheranostics that combines therapeutics with 

diagnostics. Researchers from around the globe are actively 

incorporating nanotechnology in CRC treatment. Preclinical 

characterization of nanomaterials has shown considerable 

advancement over the last decade. Methods are being devel-

oped and optimized continually in order to meet the needs 

of the evolving complexity of nanomedicines. Detailed NP 

surface characterization, predictive immunotoxicity assays, 

and quantitative evaluation of the encapsulated versus free 

drug fractions highlight the growth of this field. The pursuit 

for the development of new methods and conducting research 

directed at understanding the nano–bio interface will uncover 

additional relationships between NP structure and biological 

activity. This information will be invaluable in devising new 

strategies for using nanotechnology to improve upon the exist-

ing pharmaceuticals and deliver novel therapies in future.
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