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1. BioXmark® technical features
This whitepaper describes the organ-independent technical features of BioXmark® - the liquid
fiducial marker, and the clinical benefits derived from the unique liquid, non-metallic composition
of the product.

2. BioXmark® features and claims
The composition of BioXmark® leads to a number of general product features that are independent
of implantation site and disease. These are listed in the table below and described in the present
white paper. For organ specific features and benefits, please find our organs specific white papers
on www.nanovi.com.
Feature

Claim
Adaptive to surrounding tissue
Positionally stable during treatment planning,
treatment and follow-up
Visible on US for precise marker placement and
verification of marker location

Sticky and soft iodine-based marker

Visible on X-ray (2D X-ray, fluoroscopy, CT, CBCT)
Visible on MRI
Visible during treatment planning, treatment and
follow-up
Biocompatible
Low level of artifacts

Non-metallic

MR safe
Low dose perturbation
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3. Sticky and soft iodine-based marker
3.1

Adaptive to surrounding tissue

After implantation, the BioXmark® liquid forms
markers without sharp edges (Figure 1) and adaptive
to the surrounding tissue with low risk of causing
tissue damage. This is supported by clinical studies
evaluating BioXmark® in esophagus, lung and
bladder (1–7).
3.2

Figure 1. BioXmark® implanted subcutaneously in a
mouse

Positionally stable during treatment
planning, treatment and follow-up

Advances in modern technology have enabled increasingly conformal radiotherapy. This type of
treatment minimizes the dosing to organs at risk and may enable dose escalation. Dose escalation
demands highly accurate and reproducible patient positioning and target alignment, as poor
targeting accuracy may compromise local tumor control and increase radiation to organs at risk. In
image-guided radiotherapy and proton therapy (IGRT and IGPT) with 2D-kV or 3D-CBCT images are
acquired before and even during treatment fractions. Alignment to adjacent bony structures is used.
In some clinical cases the target position does not correlate well to the bony anatomy (e.g. for
radiotherapy of prostate cancer and mediastinal lung tumors). In these cases, increased accuracy
can be achieved by aligning to implanted radiopaque fiducial markers in or near the target.
Positional stability of the fiducial marker is therefore highly important for IGRT and IGPT(8).
The highly viscous and sticky gel-like properties of BioXmark® in vivo facilitate high positional
stability and enable precise target localization during treatment planning, treatment and follow-up.
Figure 2 shows via pre-treatment PET/CT and treatment fractions 1 and 25 CBCT images how
BioXmark® remains positionally stable.

BioXmark® marker

Figure 2. PET/CT and CBCT images of BioXmark in rectal cancer in different treatment phases kindly provided by
MAASTRO clinic.
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The positional stability of BioXmark® has been documented in clinical studies for up to three years
in lung cancer(5), up to one year in esophageal cancer(1) and for curative intended boost
treatment and 4 week follow-up in bladder cancer(7).
3.3

Visible on ultrasound

BioXmark® can be visualized on ultrasound in both its initial liquid state and its highly viscous state
after EtOH efflux as the gel-like marker has an echogenicity different from surrounding soft tissue
(Figure 3)(1).
Visibility on transcutaneous and endoscopic ultrasound facilitates real-time image guided
percutaneous and/or endoscopic implantation to enable a higher precision of marker placement.
Another advantage of BioXmark’s visibility on ultrasound is verification of marker location after
implantation.

BioXmark®
BioXmark®

Needle from
bronchoscope

Figure 3. Visualization of BioXmark® using ultrasound in lung cancer. Tests performed by Nanovi.

3.4

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

BioXmark® contains a radiopaque agent making it visible on X-ray based imaging modalities where
it appears as a white marker in 2D X-ray and CT imaging.
In fluoroscopy, BioXmark® appears black (most often) or white depending on image conversion
(Figure 4).
In a study by Rydhög et al, the measured mean radiodensity of BioXmark® on CT is 570-920 HU for
injection volumes of 100-300 μL in lung cancer patients(8).
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3.4.1

2D X-ray and fluoroscopy

The 2D X-ray visibility of BioXmark® enables verification of the marker location during
implantation, treatment planning and treatment. Visibility on fluoroscopy allows for fluoroscopy
guided implantation to ensure higher
precision of marker placement and
verification of marker location.
Compared to CT/CBCT this is faster
and can reduce the time between
obtaining the image, processing it
and adjusting the treatment
accordingly. The visibility of
BioXmark® on fluoroscopy is
demonstrated in figure 4.
Figure 4. Visibility of BioXmark® in fluoroscopy. Tests performed by Nanovi.

BioXmark® has been evaluated in respiratory gating using Varian’s TrueBeam Gating system 1. This
system allows for triggered imaging based on respiratory gating to visualize tumor targets in real
time during treatment. BioXmark® (300uL) was implanted in the liver of a healthy pig and the marker
was used as a surrogate to monitor liver movement during respiratory movements. BioXmark® was
clearly visible in the TrueBeam On-Board Imaging (OBI) fluoroscopy images recorded in real time
and was feasible as a surrogate for liver motion (Figure 5).

Figure 5. OBI fluoroscopy real-time imaging of BioXmark® (300 μL) implanted in the liver
of a healthy pig. The respiratory motion is monitored by placing a tracer at the chest
of the pig (top left image). Tests performed by Nanovi.

3.4.2

CT/CBCT

CT visibility of BioXmark® enables target volume delineation for treatment planning and follow-up.
CBCT visibility of BioXmark® enables verification of target volume location during treatment.
Visibility of BioXmark markers has been documented across a number of organs and down to
1

Nanovi unpublished data
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marker volumes as low as 10-15 µL(9), though 40-100 µL is the recommended marker volume to
ensure visibility of implanted markers in combination with a low levels of artifacts 2. CT/CBCT
visibility has been demonstrated in bladder(7), esophagus(10), lung(3) and head/neck(9),
rectum(11) as well as stomach, prostate and pancreas 3. See figure 6a, 6b and 6c.

Figure 6b: BioXmark in the anterior bladder wall

Figure 6a: BioXmark in esophagus

3.5
3.5.1

Figure 6c: BioXmark in head & neck cancer

Visible on MRI
MRI visibility in treatment planning, treatment and follow-up

BioXmark® is visible on MRI and will appear as a dark spot (hypointense) due to its low water content
(Figure 7). MRI’s superior soft tissue detailing combined with the visibility of BioXmark® on MRI
enables high precision in treatment planning, treatment and follow-up (12).

2
3

BioXmark® instructions for use
Unpublished data
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Visibility of BioXmark® on MRI was
demonstrated in two studies by
Schneider et al.; One study in a
pancreas tissue-mimicking phantom
using a 3T MR scanner T2 sequences
concluding: “Hence, especially when a
low level of image distortion is
required, MRI characteristics of the
liquid marker surpass those of solid
gold markers currently being used for
IGRT of PDAC4”(13).

Figure 7. T1-weighted MRI, Injection volume: 100μl. Image kindly
provided by professor Lena Specht, MD, Rigshospitalet, Denmark.

3.5.2

A second study, in a resected
pancreatic specimen, concluded:
“The liquid fiducial marker injected in
an ex vivo pancreatic resection
specimen was visible as [……]
hypointensity on MRI”(14).

Fusion of CT and MR

CT imaging is currently standard in the dose calculation process. In order to improve the tumor
target delineation in soft tissue, MR imaging can be used in addition to CT. The marker visibility on
both CT and MR enables precise fusion of CT and MR images. Studies by Pathmanathan et al. (13)
and Salembier et al. support this claim (15).
Pathmanathan et al. states: “A more accurate MR‐CT co-registration will enable better targeting,
therefore markers must be visible, both in MR and CT” (13).
Salembier et al. states in an ESTRO ACROP consensus guideline: ”Due to inevitable variations in
rectum and bladder filling between CT and MRI images, alignment on implanted fiducials is
suggested to be superior to alignment based on bony structures only. Once both image sets are
aligned the prostate contours of the MRI images can be extrapolated to the CT images."(15)

4
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3.6

Visible during treatment planning, treatment and follow-up

The visibility of BioXmark® during treatment planning, treatment and follow-up has been
demonstrated by several clinical studies(1–3,11).

BioXmark® marker
Figure 8. BioXmark® (300 μL) implanted in a primary lung tumor. Axial images of the planning CT (left), CBCT at
fraction 32 (middle) and follow-up CT 21 months after treatment (right). (Reprinted with permission from de Blanck et
al. 2018(3))

Figure 9. Clinical study from Rigshospitalet, Denmark of BioXmark® in esophagus (white arrow) in lymph node in
thorax clearly visible on CT (a), treatment CBCT after nine fractions (b) and 12 months follow-up CT (c). (Reprinted
with permission from de Blanck et al. 2018(1)).

A cohort analysis by Riisgaard de Blanck et al. evaluated the volume and the contrast of BioXmark®
in lung during treatment and follow-up(3) (Figure 10).
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Figure 10. The volume and the contrast of the BioXmark® markers during the treatment and follow-up timeframe.
(Reprinted with permission from de Blanck et al. 2018(3))

3.7

Biocompatible

BioXmark has been biologically evaluated and tested in compliance with ISO standards and FDA
guidance related to the biocompatibility of medical devices. It was found to be safe and
biocompatible within the intended use.

4. Non-metallic
4.1

Low level of artifact

The non-metallic product feature of BioXmark® leads to a low level of artifacts on X-ray based
imaging.
Streaking and shadowing artifacts are commonly encountered in CT with currently used metalbased markers. These artifacts are problematic since they induce a loss of clarity during tumor target
delineation in treatment planning and in the patient positioning during treatment(6).
Machiels et al. found that: “Liquid marker volumes of 0.1 and 0.2 mL produced small artifacts on
the CBCT and moderate artifacts on the CT scans. No artifacts could be detected for liquid marker
volumes of 0.05 and 0.025 mL.” in a clinical study conducted on esophageal cancer patients(2).
BioXmark® was found to generate a low level of artifacts in CT improving the quality of the image
around the fiducial marker. This has been demonstrated in a study by Scherman et al.(16) using a
water phantom in a clinical diagnostic CT-scanner using various tube voltages from 80kV to 140kV
in 20kV steps (Figure 11).
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Figure 11. Artifacts of different markers on CT images at different tube voltages.

The level of artifacts and the visibility of BioXmark® are volume dependent decreasing with lower
marker volume and increasing with higher marker volume.

4.2

MR safe

There are no displacements by MR fields due to the non-metallic composition of BioXmark®. The
product is labelled MR safe according to ASTM F2503-13.

4.3

Low dose perturbation

For the use of a fiducial marker to be beneficial, an improved positioning accuracy must not be offset
by marker-induced dose distortion. This constitutes an insignificant challenge in photon therapy
but is a significant consideration in proton therapy, where fiducials can cause severe perturbations
of the proton dose and lead to cold-spots downstream the marker, where tissue will not receive the
intended radiation dose. This interaction is described as the Relative Stopping Power (RSP), which
is high in metals.
The ideal fiducial marker for proton therapy combines a low RSP value with good visibility on 2D Xray and CBCT with a low level of artifacts.
BioXmark®’s non-metallic composition provides for a low RSP, compared to metal, which ensures
low dose perturbation in proton radiation therapy combined with the low levels of artifacts
described above.
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The RSP has been examined by Troost et al. in a phantom model finding an RSP value of 1.164 for
BioXmark®(17). Furthermore, the BioXmark® markers were evaluated after being exposed to
normofractionated and extremely hypofractionated proton therapy and no chemical degradation
was observed(17).
Rydhög and colleagues has, in collaboration with professor Lomax from the Paul Scherrer Institute,
validated this RSP value in a comparative study of the dose perturbations of BioXmark® and three
solid fiducial markers in a lung phantom (Figure 12)(8). The study found the dose perturbations
caused by BioXmark® to be considerably smaller in comparison to those caused by the solid markers
with practically no dose perturbation for smaller volumes (10 and 25 µL) of BioXmark® (figure 13).
For larger markers up to 100 µL the dose penetration will be above 95%. This suggests that the
BioXmark® does not reduce the dose directly behind the marker and is highly suitable for Image
guided proton therapy.

Figure 12. Experimental setup at PSI for the measurements of the relative stopping power (RSP). From Rydhög et al.(8)
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Figure 13. Proton dose perturbation of different fiducial markers. From Rydhög et. al(8).

5. Conclusion
This whitepaper has described the basic technical product features of BioXmark® which represents
a number of advantages:
• BioXmark® is sticky and tissue adaptive giving positional stability.
• BioXmark® is visible across relevant imaging modalities to allow high precision in both
implantation and RT.
• BioXmark® is non-metallic giving a low level of artifacts and low dose perturbations
offering compatibility with photon and proton radiation therapies.
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