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1. Customizable implantation 

This document describes the BioXmark® product features and resulting product claims relating to 
the customizable implantation procedure.  
 
Endoscopic and percutaneous implantation procedures combined with a liquid fiducial marker 
enable new treatment opportunities in Image Guided Radiotherapy (IGRT) and Image Guided Proton 
Therapy (IGPT). 

2. BioXmark® claims and benefits 

The liquid, sticky and soft iodine-based marker properties enables customizable implantation. 

2.1 Liquid formulation 

The liquid nature of BioXmark® enables implantation of multiple size-adaptable markers in the same 
procedure. BioXmark® can be implanted with thin needles and flexible scopes guided visually, by 
fluoroscopy and/or ultrasound. 
 
BioXmark® is composed of three constituents; sucrose acetate isobutyrate (SAIB), x-SAIB (electron 
dense SAIB analogue) and EtOH (Ethanol). 
 

Claim Benefit 

Injectable with thin needles up to 25G Less risk for procedure related complications such 
as bleeding and pneumothorax 

Adaptable marker sizes Meeting different needs for marker sizing. 
Adaptable also during implantation 

Implantation of multiple markers in the 
same procedure Less risk of procedure related complications 

Applicable in soft tissue including organs 
in the thoracic, pelvic and abdominal 
regions 

One marker to cover a wide range of cancer types 
such as lung, esophagus, rectum and bladder 
cancer 

Implantable with flexible scopes Implantation with flexible scopes gives 
accessibility across multiple cancer locations 

Implantable with standard equipment No need for additional training nor for special 
equipment 

Fast and easy implantation procedure Potential to save time 
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2.2 Sticky and soft iodine-based marker  

After implantation, sticky and soft markers are formed, adaptive to the surrounding tissue. 
BioXmark® contains a proprietary contrast agent to ensure marker visibility on relevant imaging 
modalities, including MRI. The markers are positionally stable and visible during treatment planning, 
treatment and follow-up. 
 

Claim Benefit 

Visible on ultrasound 
Ultrasound guided implantation ensures higher 
precision during marker placement and 
verification of marker location 

Radiopaque, visible on X-ray (2D X-ray, 
fluoroscopy, CT, CBCT) 

Visibility on X-ray enables high precision in 
planning treatment and follow-up 

Fluoroscopy guided implantation ensures higher 
precision during marker placement and 
verification of marker location.   

 

3. Liquid formulation  

3.1  Injectable with thin needles up to 25G 

Injection of BioXmark® is possible with percutaneous and endoscopic needles. The liquid 
formulation can be injected using thin needles up to 25G. The use of thin needles can reduce the 
risk of procedure related complications such as bleedings and pneumothorax.   

 
Figure 1. Needle sizes from 17G to 25G. Image Courtesy of Gold Anchor marker. 

 
Chin et al. investigated the relation between the needle size and complications and stated: 
"Objective is to use the smallest needle in achieving the highest accuracy and lowest complication 
rate" Chiba needle (22 G) was used in the study and 16.1% pneumothoraxes (2% treated) - 
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comparing to needle sizes of other studies between 16-25 G which indicate lower pneumothorax 
rate for 22-25 G[1]. 
Geraghty et al. compared the use of 18 G with 19 G outer stabilizing needle through which a smaller 
aspiration needle or automated biopsy gun was inserted and states: “This study clearly 
demonstrates that use of a smaller coaxial stabilizing needle results in a substantially decreased risk 
of pneumothorax.”[2] 
 

3.2 Adaptable marker sizes 

The volume of the BioXmark® marker can be decided prior to, or adapted during the implantation.  
 
Two studies have investigated this product claim. Schneider et al. states: ”Patients with PDACI  
scheduled for proton therapy might also benefit from this marker, since its size can be adapted by 
altering the injected volume while still being endoscopically implantable using very thin (25-G) 
needles, allowing for control of detectability on MR, kV X-ray and CT images with a minimally 
invasive injection.”[3] Riisgaard de Blanck et al. added in a study on lung: "Liquid fiducial markers 
can be injected using standard endoscopic equipment, and allows for larger flexibility in marker size 
and performing several marker injections in an uninterrupted procedure."[4] 

The optimal injection volume depends on the intended target site, planned treatment, and the 
applied image modality as well as desired visibility and artifact level. In general, both visibility and 
artifacts increase with larger injection volumes[5].  
 
An overview of injection volumes and corresponding marker visibility in different imaging modalities 
is displayed in a table in the BioXmark® instructions for use (IFU) (Table 1). 
 
Table 1. Recommended marker sizes according to the BioXmark® IFU. 

 0.025 ml 0.040 ml 0.050 ml 0.100 ml 0.200 ml 

CT and CBCT A  Visible Visible Visible Visible 

2D X-ray B    Visible Visible 

Automated detection on kV X-ray B Visible Visible Visible Visible Visible 

MRI (hyperintense background) C   Visible Visible Visible 

US D (Visible) (Visible) (Visible) Visible Visible 

MV X-ray Not visible on megavoltage imaging 

A CT and CBCT: Injection volumes ≥ 0.040 ml usually form markers visible on computed tomography (CT) and cone beam computed tomography 
(CBCT). 
B 2D X-ray: Injection volumes ≥ 0.100 ml form markers visible on 2D X-ray depending on the anatomical site. Injection volumes between 0.025 ml 
and 0.200 ml can be automatically detected on kV X-ray images.  
C MRI: BioXmark® markers appear as hypointense spots on magnetic resonance imaging (MRI) and are visible if the anatomical site provides a 
hyperintense background (on either T1 or T2). Injection volumes ≥ 0.050 ml form markers usually visible on MRI depending on the anatomical site 
and the applied voxel sizes. 
D US: Injection volumes ≥ 0.100 ml form markers usually visible on ultrasound (US). Injection volumes ≥ 0.025 ml form markers visible in a breast 
phantom study (3 MHz).  

 
I Pancreatic ductal adenocarcinoma 
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3.3 Implantation of multiple markers in the same procedure  

BioXmark® enable implantation of multiple markers in the same endoscopic or percutaneous 
procedure, with no need for reload. This has been demonstrated by de Blanck S. et al. concluding: 
"The liquid formulation also allows for the placement of several markers in one session without 
needing to reload the endoscopy needle between each implantation […]."[4] Fewer injections is 
associated with less risk of procedure related complications. 
 
During the marker implantation procedure, the location of the needle tip and marker can be 
visualized and guided by fluoroscopy or ultrasound (Figure 4).  
 

3.4 Applicable in soft tissue including organs in the thoracic, pelvic and abdominal region 

The liquid feature of BioXmark® makes it possible to use this fiducial marker across a wide range of 
cancers. 
 
One type of marker can be utilized in different cancers located in the thoracic, pelvic and abdominal 
regions. This includes both organs such as rectum[6], bladder[7], esophagus[8] and lung[4]. 
 

3.5 Implantable with flexible scopes  

BioXmark® can be implanted using flexibles scopes. 
 
The possibility of implanting BioXmark® via flexible scopes makes it possible to access tumors 
located at anatomical locations not accessible with rigid scopes. 
 

Figure 2. Use of flexible scopes to implant BioXmark®. 
 

3.6 Implantable with standard equipment 

Implantation of BioXmark® requires no additional training for health care personnel who have 
familiarized themselves with the product and have experience with implantation of fiducial markers 
or taking biopsies. In the procedures, standard equipment for percutaneous and endoscopic 
implantation as well as for imaging can be used. 
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Figure 3. Loading the syringe with BioXmark® from the ampoule. 
 

3.7 Fast and easy implantation procedure 

The liquid feature facilitates a fast and easy implantation procedure, especially when multiple 
markers are needed. 
 
The clinical performance of BioXmark® was studied across several cancers. Among others Machiels 
et al. concluded: “The largest advantage of the present liquid marker over the gold fiducial markers 
is not the clinical performance during IGRT, which is also good with gold fiducial markers, but the 
easier and faster endoscopic injection procedure especially when multiple markers are needed.”[8] 
We recommend to prioritize sufficient time becoming familiar with the high viscosity of the product  
before initial clinical use.  
 

4. Sticky and soft iodine-based marker 

4.1 Visible on ultrasound  

Ultrasound guided implantation ensures higher precision during marker placement and verification 
of marker location 
 
Visibility on transcutaneous and/or endoscopic ultrasound facilitates ultrasound guided 
percutaneous and/or endoscopic implantation and subsequent verification of marker location. 
Another study by de Blanck et al. found that: "…using endoscopic ultrasound guidance to improve 
precision of placement and include submucosal tumour extension, as the tested liquid marker is 
sonographically visible. A further advantage of using ultrasound guidance during marker injections 
is better verification of correct marker placement depth in the submucosal tissue, reducing the risk 
of marker detachment immediately or shortly after implantation."[9]  
 
Figure 4 shows the visibility of BioXmark® in ultrasound and fluoroscopy during implantation.  
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Figure 4. Using ultrasound (left) and fluoroscopy (right) in the implantation process. 

 

4.2 Visible on fluoroscopy 

Fluoroscopy guided implantation ensures higher precision of marker placement and verification of 
marker location[8].  
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