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Introduction
The surgical procedure involves the cutting into patient tissue 

as part of disease management. Surgical resection therefore is 
a critical modality for disease management and treatment. The 
essence of the surgical process is to remove as safely as possible as 
much cancer tissue as possible. This is to a large extent dependent 
on the surgeon’s ability to clearly distinguish cancer tissue from 
normal tissue, remove as much cancer tissue as possible while 
preserving normal tissue [1]. Unfortunately, this ability is based on 
local visualization of the tumour and/or the ability to palpate it [2].

On the contrary, fluorescence assisted cancer surgery is used 
to guide defining tumour locations and margins during surgical 
procedures. This allow for a more complete resection of a tumour, 
avoid unnecessary damage to normal tissue and decrease the need 
of repeat surgery for missed tumours [3]. Fluorescent indicators 
had been a well-established tool that serves in the monitoring of 
various concentrations of physiologically important ions within 
living cells [4,5]. These fluorescent indicators mostly respond with 
various changes in fluorescence or with varying shifts in emission 
or excitation spectra. 

However, fluorescent techniques indicators can emit 
information on the dynamic process on a nanosecond timescale. 
Recent imaging strategies commonly used for both cancer 
detection and pre-treatment planning respectively, are based 
on the anatomical or the metabolically morphology in the tissue 
[6]. Fluorescence techniques provide considerable imaging for 
distinguishing between tumour and normal tissue. The use of 
ionizing radiation in these techniques ensures that there is real 
time anatomical and functional imaging. 

The field of fluorescence assisted surgeries has seen tremendous 
growth in research and practice. In several surgical procedures  

 
in recent years, the practice of fluorescence assisted surgery has 
played significant roles during surgery and in procedures such as 
the identification of solid tumours, sentinel lymph node mapping, 
lymphography, anatomical imaging and angiography [7]. Most 
importantly the procedure can be used without having significant 
interruptions to the workflow of the surgeon.

The fluorescence assisted cancer surgery technique, aids in 
the anatomical signature of various tumour as can be viewed 
through the use of radiographic imaging or ultrasound providing 
the ability to differentiate a normal cell from a tumour while the 
main disadvantage of this technique is the limited spatial resolution 
involved and the difficulty of both translating a two-dimensional 
information to a three-dimensional surgical field [8]. The 
fluorescence assisted cancer surgery technique is safe as it makes 
use of non-ionizing radiation and moreover, this technique enables 
real-time anatomical and functional imaging.

Principles of Fluorescent Indicators for Cancer Surgery

The process of fluorescence imaging was first introduced in 
surgery in the year 1948 when surgeons used the intravenous 
fluorescent dye, fluorescein, to improve upon intracranial 
neoplasm detection during surgery [9]. The fluorescent agents 
have been reportedly used for several other surgical procedures. 
In fluorescence assisted surgery, source light is directed through 
the tissue from a light filter with low intensity. The filtered light 
is absorbed by fluorophores, which may be either endogenous 
(autofluorsecent) or exogenous (injected fluorescein) [10]. The 
fluorophores are energised to an excitation state where they re-
emit photons to a ground state [11]. The re-emission photons are 
then detected with a charged couple device that can generate a 
colour and fluorescence imaging [11].
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Difference in Metabolism Between Cancer Cells and 
Normal Cells

Clinically, fluorescent agents are known for its importance 
in the establishment of positive margins with a high resolution, 
map lymph nodes, detection of residual disease, prediction of 
metastatic potential and in the process of drug delivery [12-15]. 
The metabolism of cancer is characterised by an uptake of glucose 
utilisation [12-16]. However, in a normal cell, glucose is been 
catabolised to pyruvate. Through the mitochondrial tricarboxylic 
cycle (TCA) pyruvzate is further converted to acetyl CoA with 
further oxidation to carbon dioxide. This leads to the production 
of Nicotinamide Adenine dinucleotide (NADH) and Flavin Adenine 
Dinucleotide (FADH)2. The process of glycolysis, TCA cycle and 

the electron transfer phosphorylation results in the transfer 
of electrons from NADH and FADH2 to oxygen to produce 36 
Adenosine Triphosphate (ATP) molecules per glucose molecule.

Despite the abundance of oxygen, cancers cells preferentially 
utilise glycolysis as a preferred pathway as compared to normal cells 
which do when oxygen supply is limited [17,18]. The production of 
lactate because of the increased glucose uptake even under aerobic 
conditions is what is known as the Warburg effect [19].

Cancer cells are therefore compelled to follow the glycolytic 
pathway instead of the oxidative phosphorylation pathway. This 
metabolic change has been hypothesised to result in the damage 
to the mitochondrial oxidative phosphorylation process (Figure 1).

 

Figure 1. 

This figure shows the metabolic difference between the normal 
cells and cancer cells. In a normal cell, the glucose is metabolized 
to pyruvate which is oxidised in the presence of carbon dioxide 
through the TCA cycle and oxidative phosphorylation process in 
the mitochondria. The cancer converts glucose to lactate in the 
presence or absence of O2. Glutamine is then produced which serves 
as a major substrate to refuel the TCA cycle [20-22]. An increase in 
the synthesis of nucleic acid and fatty acid (lipids), promotes the 
proliferation and growth of cancer cells.

Indicator Used in Fluorescence Assisted Cancer Surgery 
for Glioma

One of the indicators used in fluorescence assisted cancer 
surgery for glioma is the 5-aminolevulinic acid (5-ALA). This 
is a non-fluorescent pro-drug which leads to the absorption of 
fluorescent porphyrins with malignant tumour cells. The patients 
ingest the 5-ALA before a surgical procedure to enhance radical 
resection. This is administered intravenously or orally prior to 
craniotomy to glioblastoma patients. 5-ALA is taken up by the high-
grade glioma cells, causing the cells to fluorescence pink when 
viewed under blue light, thus increasing the visibility of the tumour 

resection [23]. This procedure can be done with an exoscope, a 
system that consist of a tubular telescope connected to a camera 
and a high definition monitor [24].

 This technique is achieved by implementing a system to 
switch between white and blue light and installing an observation 
filter (440nm) in between the surgical field and the microscope. 
However, the fluorescence assisted cancer surgery technique for 
the detection of glioma is limited by many factors which solely 
depends on the fluorescent agent used.

Antibody Targeting Specific Biomarkers on The Surface 
of The Cancer Cells

Anti-CD133, anti-CD44 and anti-EpCAM are the various 
antibody targeting specific biomarkers on the surface of cancer 
cells. The commonly used cancer stem cells (CSC) biomarkers are 
the anti-CD44 is a cell surface with an extracellular matrix receptor 
[25]. The CD44 antibody serves as a major anti-CSC approach and 
studies by Deonarain et al. [26] has shown that the H90, an anti-
CD44 therapy successfully eradicated the acute myeloid leukaemia 
[26].
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The CD133, a transmembrane glycoprotein and a CSC 
biomarker found in several tumours such as glioblastoma, colon 
and hepatocellular cancers. Also, the CD133 CSCs, have consistently 
shown resistance to both radiotherapy and chemotherapy because 
of their higher expression of deoxyribonucleic acid repair, lower 
proliferation, and anti-apoptotic gene [27,28]. The EpCAM has 
been discovered as CSC marker in solid tumours and humanised 
EpCAM antibodies have been successful in both preclinical and 
early clinical studies showing potent anti-tumour activity [26,29].

Importance of Fluorescence Assisted Cancer Surgery

During oncologic surgeries it becomes necessary for the 
surgery to clearly determine in real time the margins of a tumour to 

enable complete resection of the cancerous tissue. Current surgical 
procedures allow for the analysis of frozen sections. Unfortunately, 
this procedure is time consuming and is reported to account for 
discrepancies in 5-15% of cases [2,10]. Fluorescence guided surgery 
however provides real time guided imagery of tumours during 
surgery and offers a more objective assessment of intraoperative 
surgical margins [1] when compared to other procedures such as 
frozen sections. Also, an improved visualization of the cancer can 
reduce damage to important normal structures such as nerves, 
blood vessels, ureters, and bile ducts.

Some desirable characteristics of real time fluorescence 
assisted surgery are described in Table 1.

Table 1: Desirable characteristics of real time fluorescence assisted surgery. Table adapted from [30].

Characteristic Description

Intra-Operative Hardware conducive to be used in the operating room during surgery.

Real Time Less than or equal to 24p frames per second image acquisition and display

High Level of Specificity Indicates a varying contrast agent that specifically accumulates in the tumour being imaged.

High Level of Sensitivity Detection of low fluorescence signal and small tumours

High Resolution Ability to detect small tumours and tumour boundary

It is Wearable Ergonomically sound and hands-free

Non-Interfering Accurate information is displayed in a form that does not serve as a distraction to the surgeon during surgery.

It is User Friendly Requires minimal and non-specialised training

The Importance of The Fluorescence Assisted Cancer 
Surgery Technique in Surgery

Surgery has been known as a primary mode for the treatment of 
various malignancies and the aim of surgery is to safely remove as 
much cancer cells from a patient. The recent invention of the optical 
imaging with fluorescence assisted surgery, is gradually bridging 
the gap between the real-time tumour specific identification [31].

Although, the fluorescence assisted cancer surgery technique 
is currently being applied to a wide range of tumour types and has 
the potential to be of great impact in surgical practice and cancer 
surgery [32]. This remains unclear which disease population will 
have the greatest benefit from use of this technology. 

Challenges

Though the applications of fluorescence assisted surgery has 
several reported benefits it is not without challenges. According to 
a publication by Mark J Landau [7] in the Annals of Translational 
Medicine, there may be some portion a population who will be 
sensitive to some probes such as Iodocyanine Green (ICG) and 
would therefore require alternative probes. This therefore implies 
that the sensitivity of patients to any designed probe would have to 
be tested prior to the administration of the probe. 

It is important to acknowledge the challenge of identification 
of metastasized tissue even in the presence of fluorescent probes. 
Very limited studies have been identified which evaluate how 

metastasized cells of a localized tumour would be identified. For 
instance, in identifying the margins of a prostate tumour, the 
fluorescent probe would be administered close to the tumour 
location. This would ensure the clear visualization of the tumour 
margins and ensure the complete resection of the tumour. However, 
in the event where the tumour may have metastasized to other 
locations such as the lymph nodes of the lungs, the use of the probe 
would have missed the metastasized cancer tissue.

The frontiers of oncology argue that fluorescence guided surgery 
is less expensive compared to traditional optical procedures [2]. 
While this may seem true it is important to note that there would 
very high costs in the design of the fluorescent probes in addition 
to some further costs in the approval process. Fluorescent probes 
may also have to be designed for person specific conditions where 
such patients are sensitive or may not present the required ligands 
for a generic probe. This essentially would not make the procedure 
as less expensive as expected.

One other area which may have seen limited studies is 
the evaluation of the side effects of the probes, if any, and the 
clearance time of the fluorescent probe from the body system after 
administration. 

Practical Problems in Applying the Fluorescent Assisted 
Cancer Surgery Technique

Fluorescence assisted cancer surgery technique, has been 
useful and productive particularly in the diagnosis and removal 
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of brain [23,33] bladder and head and neck tumours, where the 
tumour is located at a target organ site. However, the application 
of the current fluorescence technology to several forms of cancers 
such as sarcoma is mainly prevented due to a complete resection 
without direct visualisation of the mass.

Fluorescence assisted cancer surgery enhances tumour 
detection, margin confirmation, surgical navigation and in most 
cases can be combined with therapeutic techniques for the 
elimination of microscopic disease [34].  This technique can help in 
the detection of lesions and prevent unwanted and futile surgeries 
in the presence of metastatic diseases.

Future development of fluorescence assisted cancer 
surgery

Fluorescence assisted cancer surgery technique has been used 
to achieve a wide range of preliminary success [35] and achieved 
some clinical success. However, this technique may lead to the 
improvement of tumour resection rates while minimizing tissue 
resection [36] and this can translate effectively into more improved 
clinical outcomes.

Several techniques like the Intraoperative fluorescence imaging, 
used in fluorescence assisted cancer surgery are emerging that 
selectively irradiate cancer cells, creating a distinction between 
various tumours and surrounding tissues with the prospective for 
single-cell sensitivity.

Conclusion

Surgery can be said to be the most definite approach to treating 
solid tumours. However, the surgical process can be expensive, 
time consuming and fatal. It is therefore necessary that the surgical 
process meets its complete purpose to avoid the need of a repeat 
surgery for the same earlier purpose. Fluorescence guided surgery 
ensures a more definite and clear definition of surgical margins for 
effective navigation and complete resection of tumours.

It is important however, that advances in the procedure further 
focusses on the identification of metastasized tumours to ensure all 
such tumours are removed in addition to the localized or primary 
cancer cells.
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