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RT for Pancreatic Cancer

Adjuvant Neoadjuvant Definitive Palliative



Locally Advanced PaC

Heestand et al. J Clin Oncol 2015;33:1770



LAP-07

• LAPC with disease controlled after induction chemotherapy

• No significant difference in OS and PFS with CCRT compared with
Chemotherapy alone

Hammel et al. JAMA 2016;315:1844
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HR, 0.79 (95% CI, 0.76-0.83)
p < 0.001

*Propensity-matched outcome

Zhong et al. Ann Surg Oncol 2018;25:1026



Why No Benefit of RT?

• Dose – insufficient dose d/t dose-limiting 
organs

• Toxicity – adjacent normal organs, more with 
combined chemotherapy

• Radioresistant – adenocarcinoma, intrinsic 

• Frequent distant metastasis – local control less 
important

• Conflicting clinical evidences – study designs, 
statistical power



Evolution of Pancreas RT

Courtesy by Dr. Manisha Palta, ASTRO 2017



Intensity Modulated RT

• Intensity-modulated radiation therapy (IMRT)
is an advanced type of high-precision radiation
that is the next generation of 3D-CRT.

• IMRT also improves the ability to conform the
treatment volume to concave tumor shapes.



Beam Intensity Modulation



Bittner et al. Radiother Oncol 2015;114:117

IMRT (Median Survival)

R0 10.8–25 months

LA 7.7–11.6 months

3D-CRT (Median Survival)

R0 16.9–25 months

LA 8.6–15.2 months



Bittner et al. Radiother Oncol 2015;114:117

IMRT

3D-CRT



Image Guided RT

• Image-guided radiation therapy (IGRT) is the
process of frequent two and three-dimensional
imaging, during a course of radiation
treatment, used to direct radiation therapy
utilizing the imaging coordinates of the actual
radiation treatment plan.

• Fluoroscopy, Digital X-ray, CT, Cone beam,
MVCT, Optical tracking, MRI, Ultrasound,
Electromagnetic transponders



Ultrasound (BAT)

Electromagnetic
Transponder

Real-Time MRI

Fiducial

Endorectal
Balloon

MVCT, CBCT



MRI Based Adaptation

Courtesy by Dr. Rudra and Parikh, ASTRO 2017



Preliminary Result
-Multicenter Study of MRg SBRT-

maxBED10 > 90
maxBED10 < 90

<Gr3+ GI Toxicity>
maxBED>90: 0%

maxBED<90: 15.8%

Courtesy by Dr. Joseph Herman, ASTRO 2017



Stereotactic Body RT

• Radiosurgery is surgery using radiation, that is,
the destruction of precisely selected areas of
tissue using ionizing radiation rather than
excision with a blade.

• Stereotactic Body RT, high dose fraction of
radiation, stereotactically directed to a
extracranial region of interest



Novalis

Cyberknife M6

ViewRay (MRI-Cobalt)

Elekta Versa Varian VitalBeam

Tomotherapy Vero

ProBeam (Varian Proton) Mevion S250



Clinical Rationale of SBRT

(1) SBRT can be delivered as a hypofractionated regimen
over 3-5 days in comparison to 25-30 days with
conventional chemoradiation (CRT).

(2) SBRT allows for good local control while limiting the
delay of additional therapies such as full-dose
systemic chemotherapy or surgical resection

Rosati et al. Semin Radiat Oncol 2017;27:256



Clinical Rationale of SBRT

(3) SBRT results in minimal acute side effects and
improves pain while preserving quality of life.

(4) The radiobiology of SBRT, along with the ability to
escalate the dose to more than 50Gy at the tumor-
vessel interface, may increase the likelihood of a
margin-negative resection and decrease the risk of a
subsequent local recurrence.

Rosati et al. Semin Radiat Oncol 2017;27:256

Courtesy by Dr. Marta Scorsetti, ASTRO 2017



Comito et al. Technol Cancer Res Treat 2017;16:1295

Comito et al. 2017



Rosati et al. Semin Radiat Oncol 2017;27:256

NCDB

Median Survival

- CTx alone 10.2M

- EBRT 11.6M

- IMRT 12.2M

- SBRT 13.9M



Multi-Agent Chemo and SBRT

• 2010–2015

• N=117

• LAPC

• Definitive

Chemo+SBRT

Courtesy by Dr. Rosati and Herman, ASTRO 2017



Courtesy by Dr. Rosati and Herman, ASTRO 2017

Multi-Agent Chemo and SBRT



Rosati et al. Semin Radiat Oncol 2017;27:256

Completed and Current

Clinical Trials Evaluating Role

of SBRT in Pancreatic Cancer



Charged Particle Therapy

• Particle therapy is a form of external beam
radiotherapy using beams of energetic protons,
neutrons, or positive ions for cancer treatment.

• Proton therapy is a type of particle therapy
that uses a beam of protons to irradiate
diseased tissue,

• Heavy-ion therapy is the use of particles more
massive than protons or neutrons, such as
carbon ions.



Proton vs. Carbon



Ling et al. J Gastrointest Oncol 2015;6:108



ChemoRadiation or Chemotherapy
for Locally Advanced Pancreatic Cancer

Year # Treatment Dose
Survival

1yr 2yr

ECOG 2008
34 GEM+RT 50.4Gy/28Fx 50% 12%

37 GEM - 32% 4%

Ishii 2010 50 GEM - 64% 14%

Sudo 2011 34 S-1+RT 50.4Gy/28Fx 71% 25%

Small 2011 28 GEM+BZ+RT 36Gy/15Fx 45% 17%

Schellenberg 2011 20 GEM+SBRT 25Gy/1Fx 50% 20%

NIRS 2016 48 GEM+CIRT
45.6–55.2
GyE/12Fx

78% 48%

Courtesy by Dr Tadashi Kamada



Novel RT for Pancreatic Cancer

IMRT SBRT Proton Carbon

Insufficient Dose
→ Dose Escalation

+ +++ ++ ++

Radiation-Induced Toxicity
→ Sparing Normal Tissue

++ ++ +++ +++

Intrinsic Radioresistance
→ Enhanced Biologic Effects

- ++ - +++

Frequent Distant Metastasis
→ Bystander Effects
→ Combined Systemic Agents

-
++

+
+

-
++

+
++

Conflicting Clinical Evidences
→ Large Well-Designed Studies

+ ++ + -



Registered Clinical Trials

• Clinicaltrial.gov (2018.3.22)

– 5 studies found for: pancreas| cancer|
radiotherapy| intensity| modulated

– 47 studies found for: pancreas| cancer|
radiotherapy| stereotactic

– 8 studies found for: pancreas| cancer|
radiotherapy| proton

– 2 studies found for: pancreas| cancer|
radiotherapy| carbon



Conclusion

• Novel techniques such as IMRT, IGRT, SBRT, or
CPT are becoming routine for pancreatic
cancer and may lead to better LC with less
toxicity.

• Nonetheless, further study to assess outcomes
with these new technologies is warranted to
ensure appropriate utilization and to
standardize the quality of care.




