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Some introductory concepts: what are 
we talking about?

3° Radical surgery with R0 resection is
the only curative option

1°the 7th most frequent cancer in Europe

2° 4th leading cause of cancer mortality in the 
USA

4°Only 10-20% of patients at presentation
have resectable disease:

Morganti et al,  Ann Surg 2010 

Gilbert et al    Ann Oncol 2017



Some introductory concepts: what are 
we talking about?

5°Up to 40-50% of pts have locally
advanced disease

7°<25% of pts survive > 1 yr; >5% of pts
survive > 5 yrs; 18-24% of pts with margine 

negative resection alive at 5 yrs. 

6°Metastatic disease at diagnosis
in 30-40% of cases

Morganti et al,  Ann Surg 2010 

Gilbert et al    Ann Oncol 2017



FIELD OF INTEREST:

BORDERLINE RESECTABLE DISEASE

LOCALLY ADVANCED DISEASE 
(UNRESECTABLE)



«Recent data clearly demonstrated
that we need better CT to decrease
metastatic rate and better RT to 

increase locoregional control»



The LAP07 randomized
clinical trial

What benefit can erlotinib add                             

to gemcitabine in the LAPC setting?

First randomization: 4 months induction chemotherapy with gemcitabine alone vs
induction with gemcitabine and erlotinib.

Second randomization: all patients who were free of progression and who had a
WHO performance status of 2 or less at 4 months, were randomized to receive
chemoradiotherapy (RT 54 Gy + capecitabine) or chemotherapy alone.

Does chemoradiotherapy improve
OS in the case of disease control after
4 months of induction with gemcitabine.



The LAP07 randomized
clinical trial



LAP07 trial – pattern of 
failure



LAP07 trial – pattern of 
failure

LAP07 trial – take home messages



Pre-op combination
therapy – Alliance

trial A021101

❑ 68% of pts underwent

surgery

❑ Median OS: 22 months



How to increase loco-regional control?

Anish Kapoor – Shooting into the Corner - 2009

Stereotactic Body Radiation 

Therapy



How to increase loco-regional control?

Anish Kapoor – Shooting into the Corner - 2009

Stereotactic Body Radiation 

Therapy
Dose 

escalation 

with 

SBRT

o Accelerated

treatment (few

fractions)

o Easier

integration with 

systemic

therapy

o Ablative RT 

dose

o Hypofractio

nated

schedule 

(high dose 

per fraction)
The advantages of SBRT in terms of treatment time, satisfactory 

OS and PFS, and LRC indicate that it is an effective option for 

inoperable PC. Rate of resection improve from 0-20% to 50-56% 

of pts. Severe adverse events: =<10%.



How to increase accuracy during RT 
treatments: 

How to increase loco-regional control?

The answer is to deliver higher doses of radiation but
much more precisely.

1° the Stereotactic Body Radiation Therapy (SBRT):

➢ an external beam RT method used to very precisely deliver a
high dose of radiation to an extracranial target within the
body, using either a single dose or a small number of large
fractions, taking into account respiratory and other
involuntary motion of the target lesion during RT.



How to increase accuracy during RT 
treatments: 

How to increase loco-regional control?

1. Delivering of adequate radiation dose to the pancreas is limited
by the radiosensitivity of tissues around it. This has resulted in

increasing interest in techniques with greater conformality
such as :

2. image-guided RT (IGRT), 
3. intensity-modulated RT (IMRT), 
4. 4D-CT and more recently tracking techniques such as the 

CyberKnife. 
5. The pancreas is a soft-tissue organ and is not visualized on 

radiographic imaging during RT treatment planning; bony
landmarks are usually used as surrogate markers to localize the 
organ, but it moves a lot with respect to bony anatomy due to 
respiration and variability of GI filling.



How to increase accuracy during RT 
treatments: 

How to increase loco-regional control?

Target volumes in Radiation Therapy:  
(Gross TV,Clinical TV, Planning Target V)

The Magic Bullet:

“Conformality”



How to increase accuracy during RT treatments: 

How to increase loco-regional control?

3-D

CRT

IMRT

Plan

SBRT

Plan

IMRT

ABC IGRT

Evolution of Radiation Therapy

Proton Beam



How to increase accuracy during RT treatments: 

How to increase loco-regional control?

Evolution of Radiation Therapy

Are fiducial markers useful ?

o Low soft tissue contrast of CBCT (cone beam CT)
o Fiducial markers potentially useful; stent might be 

surrogate fiducial
o 11 pts with both fiducial and stent
o Bony anatomy vs stent vs fiducials
o Stent better than bony anatomy for tumor position in 

67% of scans
o Difference fiducials vs stent: > 5 mm in 46% scans and 

> 10 mm in 20%
o Larger PTV margin needed if bony anatomy or stent

compared to fiducials

van der Horst  et al ,  IJROBP 2014 



Are fiducial markers useful ?

Katz et al ,  BMC Cancer 2017 

Fiducial markers required !



Evolution of Radiation Therapy

Are fiducial markers useful ?

van der Horst  et al ,  IJROBP 2014 

Question: 

Is there a role for fiducial markers during RT or 
SBRT for pancreatic cancer?

Answer:    Yes

Karava et al ,  Radiat Oncol 2017 



ENDOSCOPIC ULTRASOUND-GUIDED 
FIDUCIAL MARKER PLACEMENT

➢ Fiducial markers are inert radiopaque spheres, coils, or
seeds (made of gold or platinum or other metallic alloys)

➢ Can be implanted inside or adjacent to the tumor in
order to aid image-guided radiation therapy (IGRT)

➢ IGRT allows precise delivery of radiation to the tumors
while minimizing radiation to normal tissues

➢ but requires presence of multiple reference points
through which the tumor can be identified and tracked =
FIDUCIAL MARKERS.

➢ Before development of EUS-FNA, fiducial markers have
been placed either by surgery or percutaneous route
under ultrasound or CT guidance.



ENDOSCOPIC ULTRASOUND-GUIDED 
FIDUCIAL MARKER PLACEMENT

➢ EUS-guided fiducial markers placement for pancreatic cancer was

first reported in a case series of 13 patients with mediastinal
and abdominal malignancies

➢ A 19-gauge FNA needle (MEDI-Globe, Achenmühle, Germany, or
Sonotip II, Wilson-Cook, Winston-Salem, NC, USA) was used.

➢ Fiducials: gold cylinders long 3 or 5 mm with a diameter of 0.8mm >
insertion of the FNA needle into the tumor > stylet removed > a
fiducial manually placed into the needle > stylet used to push the
fiducial through the needle lumen into the tumor.

➢ Repeat to place three to six fiducials.

➢ Fluoroscopy was also used to verify location of fiducial placement

➢ EUS-guided fiducial marker placement was successful in 11 of 13
patients (84.6%).

Pishvaian AC et al. EUS-guided fiducial placement for CyberKnife radiotherapy of mediastinal
and abdominal malignancies. Gastrointest Endosc 2006;64:412-417. 



ENDOSCOPIC ULTRASOUND-GUIDED 
FIDUCIAL MARKER PLACEMENT

➢Further studies of EUS-guided fiducial marker
placement followed:



ENDOSCOPIC ULTRASOUND-GUIDED 
FIDUCIAL MARKER PLACEMENT

➢Further studies of EUS-guided fiducial marker
placement followed:



ENDOSCOPIC ULTRASOUND-GUIDED 
FIDUCIAL MARKER PLACEMENT

➢Both prospective and retrospective studies
demonstrated safety and technical feasibility of
EUS-guided fiducial placement in solid
pancreatic tumors.

➢Moreover, EUS-guided fiducial placement can be
done without the use of fluoroscopy, is safer
than the surgical approach and has several
advantages over then percutaneous one.

➢However, further refinements in fiducial
deployment are needed, there is a lack of
dedicated accessories

➢



ENDOSCOPIC ULTRASOUND-GUIDED 
FIDUCIAL MARKER PLACEMENT

➢

➢

The fiducials were back-loaded
into the tip of the needle.

Or they could be FRONT-
LOADED into the needle after
placing it into the tumor removing the stylet and 
then reintroducing it for pushing the fiducials in 
the lesion.

https://www.google.it/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjwjefm9NvXAhXJF-wKHc3VBggQjRwIBw&url=https://safemedtrip.com/cancer/indias-first-permanent-seed-implant-for-the-treatment-of-early-stage-prostate-cancer/.html&psig=AOvVaw0aHdwNZHvjctu_34vu2dqh&ust=1511774433414142


ENDOSCOPIC ULTRASOUND-GUIDED 
FIDUCIAL MARKER PLACEMENT

➢We would need ………specifically designed needles
able to carry multiple fiducials, stacked each
other and separated by spacers that can be
delivered in one pass…… Fuccio L et al.  Expert Rev

Gastroenterol Hepatol 2014 

➢ Recently Cook Medical developed a new multifiducial
delivery system, now commercially available (and other two-
fiducials delivery system are near to be approved):
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THE NEW GENERATION FIDUCIALS NEEDLE

• Four pure gold fiducials preloaded in the distal tip.

• Handle design facilitates marker placement.

• No need to reload for up to four marker placements,

saving valuable procedure time.

• 22G needle provides a flexible delivery platform.

• Tactile feel when marker is deployed.

• Coiled sheath facilitates exceptional

needle flexibility.

https://www.google.it/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj11OTc8trXAhXQ66QKHVGSDKIQjRwIBw&url=https://www.linkedin.com/company/cookmedical&psig=AOvVaw1Udz19fU8hv7HaULLQi9iw&ust=1511739492755987
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THE NEW GENERATION FIDUCIALS NEEDLE

0.43 mm

diameter

0.64 mm

diameter

3.4 mm

5 mm

Stylet and Thumb Ring

4 Preloaded Gold Fiducials

https://www.google.it/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj11OTc8trXAhXQ66QKHVGSDKIQjRwIBw&url=https://www.linkedin.com/company/cookmedical&psig=AOvVaw1Udz19fU8hv7HaULLQi9iw&ust=1511739492755987


………..allows implicit placement of up to four 
preloaded fiducials in challenging anatomical 
locations under EUS guidance. 

This can potentially enhance your procedural 
efficiency, which can benefit you,
radiation oncologists and your patients

Narrowed area of laser cut at distal end 
provides two benefits:
1. Tactile feedback as fiducial is advanced 
through the slot
2.  Reduces inadvertent deployment as needle 
is maneuvered to next position



Could potentially allow for a shorter, more 
efficient, procedure when compared to 
traditional methods of manually loading 

fiducials 
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WHAT’S GOOD

• Preloaded fiducials (user friendly, less time-consuming)

•Very flexible coiled sheath (easy to use even in difficult
position)

• Good visibility.

• Focal dose escalation of a higher dose (54Gy in 6 
fractions).

• Precise delivery of the high-dose region to the 
vascolar abutment => R0 resections.

•Reduce dose to adjacent organ such as stomach
and duodenum => less toxicity
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DIFFICULTIES

• Tumor hardness
(may deviate the needle) 

• Tactil feel
(the fiducial release may be
difficult to feel when
the needle is into the tumor).

CAVEAT
▪ Possible perturbation in dose distribution in case of 

PROTON RT use (strongly influenced by fiducial
composition and size): dose reductions up to 30% were
observed

https://www.google.it/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj11OTc8trXAhXQ66QKHVGSDKIQjRwIBw&url=https://www.linkedin.com/company/cookmedical&psig=AOvVaw1Udz19fU8hv7HaULLQi9iw&ust=1511739492755987


All these assumptions and some caveats must be 
evaluated in the next future with a more widespread
use of these new fiducial needles in clinical studies

Application of IGRT to Locally Advanced
Unresectable PC do require the USE of
FIDUCIALS to track the precise location
of the tumor

EUS-guided fiducial placement is safe,
feasible and effective.

Recent technical advances in EUS devices
for fiducial placement are very promising
and will allow a more widespread use of
these new application of therapeutic EUS in
the treatment of pancreatic cancer

“CONCLUSIONS”
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