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THE VIEWS AND OPINIONS PRESENTED HERE DOES
NOT REFLECT THE OPINIONS OF NIH OR NCI. IT IS
BASED ON EXPERIMENTS DONE IN MY PREVIOUS
INSTITUTIONS.

Non-targeted Radiation Effects

Peters ME, Shareef MM, Gupta S, Zagurovskaya-Sultanov M, Kadhim M, Mohiuddin M, Ahmed MM.
Potential utilization of bystander/abscopal-mediated signal transduction events in the treatment of
solid tumors. Current Signal Transduction Therapy. 2007 May;2(2):129-43.
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• The results demonstrate that
high-dose
SFGRT
or
conventional IR (CIR) exposure
to LT induces the release of
factors such as cytokines
/ceramide causing distant effect
such as regression of the unirradiated RT.
• Further, exposure of RT to
fractionated CIR resulted in
enhanced effects on LT leading
to time reversal effect.

CLINICAL SFGRT

Recurrent
Melanoma
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Of notable….
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IMMUNOLOGICAL EVENTS

A Schematic view of RT-induced immune
modulations

Ahmed M M et al. Cancer Immunol Res 2013;1:280-284
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Immune modulators

Radiation can
- Impact both innate and adaptive immunity
- Provide a source of robust tumor antigens
- Induce cytokines that can help to alter the profile and
function of immune infiltrates
- Remodels the stromal and angiogenic compartments of
the tumor microenvironment

More importantly
Surviving tumor cells after radiation therapy are more
sensitive to immune-mediated killing

CHALLENGES
There are potential concerns that high-dose radiation to
the whole tumor volume can eliminate tumor specific
cytotoxic T cells.
Can irradiation of the partial tumor volume be equally
effective as irradiating full tumor volume?
To answer this challenge, we investigated the tumor
regression and immune modulation factors by comparing
the effects of radiation to full tumor volume versus
different partial volumes.

Mouse Irradiation
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MOUSE MODEL AND SCHEMES

The Lewis lung carcinoma 1 (LLC1), a mouse cancer cell was used to
develop syngenic tumors in C57BL/6 mice.

Single fraction, high-dose LRT significantly
delayed growth of both local and distant tumors

Single fraction, high-dose LRT significantly
delayed growth of both local and distant tumors
• Mice treated with two lattice 10% vertices had reduced tumor
growth both locally and distantly suggesting that 20% irradiated
tumor volume has the potential to cause delay in the growth of
the primary tumor (bystander event) and of the distant
unirradiated tumor (systemic/abscopal effects).
• However, when 20% of the tumor volume was irradiated in a
single vertex the effects on tumor growth were less than two 10%
vertices group.
• On the contrary, the conventional open field IR to the whole tumor
was more effective in the directly irradiated left tumor compared
to the unirradiated right tumor.
• Interestingly, lattice single (50%) vertex did not have any
significant effect on the growth of irradiated tumor but had
systemic effect on distant unirradiated tumor.
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LATTICE RADIOTHERAPY AND IMMUNE MODULATION

Kanagavelu, S., Gupta, S., Wu, X., Philip, S., Wattenberg, M. W., Hodge, J. W., Couto, M. D.,
Chung, K. D. and Ahmed, M. M. In Vivo Effects of Lattice Radiation Therapy on Local and
Distant Lung Cancer: Potential Role of Immunomodulation. Radiat. Res. 182, 149–162 (2014).

Conclusion

Together, the tumor growth and the immune response data
presented here suggest that high-dose LRT if delivered in a way that
directly irradiates only about 20-50% of the tumor volume either
alone or followed by open field radiation therapy could be an
important strategy to exploit immune modulation for local as well as
distant / metastatic tumor killing.

CLINICAL UTILITY OF LATTICE RADIOTHERAPY

3D Dose Lattice by focused beam

Lattice Radiotherapy

Dose vertices
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3D Dose Lattice by Charged Particle Beam
- Bragg Peak at work -

Dose vertices

Particle Beam
Scanning Nozzle

Lattice Radiation Treatment at BLK Cyberknife Center

Un-resectable Sarcoma
7 cGy x 3 Margin
18 Gy x 3 Maximum

Lattice Radiotherapy with RapidArc for Treatment of
Gynecological Tumors

Amendola B E, Perez N,
Amendola M a., Wu, X., Ahmed,
M.M., et al. (2010-09-27 14:30:56
UTC) Lattice Radiotherapy with
RapidArc for Treatment of
Gynecological Tumors:
Dosimetric and Early Clinical
Evaluations. Cureus 2(9): e15.
doi:10.7759/cureus.15
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Principal Investigator/Program Director (Last, first, middle): Pollack, Alan
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under known tolerance constraints.79 Techniques that can be applied to achieve such dose distribution, noncoplanar focused photon beam with a Cyberknife or an aperture modulated arc (AMAT) with DMLC linear
accelerator.
Since
image-guidance
andtrial.
real time target tracking is essential and required in this study to
To determine the feasibility and toxicity
of LEAD
RT in
a Phase I clinical
assure submillimeter accuracy in treatment delivery, we will use the CyberKnife for LEAD RT.
5.1.1 Rationale:
In this study, the LEAD dose distribution will be planned and delivered by the Cyberknife, an image-guided
The published clinical data regarding spatially fractionated
radiation
limited.
The data
have not
robotic SBRT
system.are
Four
gold fiducial
markers
will been
be implanted in the prostate gland, two in the superior
collected prospectively and the patient populations have been
region (base), two in the inferior region (apex),
heterogeneous. The studies in this proposal will further our
laterally arranged. If necessary and applicable the
Prostate Cancer External Beam
understanding of high-dose spatially fractionated radiation when added
Radiotherapy Candidate
gold seed(s) can be implanted in the DTR(s).
to standard course of conventionally fractionated radiation that was
Optimally, the four fiducials should be separated by at
79
DCE -MRI Exam
used in a recent prospective Phase III clinical trial . Because LEAD
least 2 cm from each other and the triangulation
RT is a new technique that has not been implemented in the clinic
should be at least 15 degrees. Full diagnostic MRI
Patient Enrollment
before, and because none of the clinical data using the 2-D GRID RT
exam should ideally be acquired before fiducial
approach have been collected prospectively, it is most appropriate placement
to
to avoid artifacts due to field
Fiducial Markers Placement
bring our concept to the clinic in the setting of a Phase I trial evaluating
inhomogenieties. CT images and T2*-weighted MRI
MRI Guided Biopsy
the safety (toxicity) and feasibility of the approach.
for planning will be acquired one week after the
fiducial implantation. Rectal air balloon by
5.1.2 Experimental Design:
CT/MRI simulation
Radiadyne® will be used for both MRI and CT
The Phase I clinical trial of LEAD radiotherapy will involve the
acquisitions as well as for the treatment delivery.
delivery of a single fraction of high-dose LEAD radiotherapy (12-14 Gy
RADIATIONTREATMENT:
(1) Single fraction LEAD RT (day 1);
prescribed to Dmax), followed by standard conventionally fractionated Fusion study will be carried out and the DTR
(2) Standard- dose conventionally
A LEAD RT dose plan of a single fraction will
radiation to the prostate at 2 Gy per fraction for 38 fractions (76 Gydefined.
to
fractionated RT beginning on day 2.
be
the prostate).Figure
The schema
of
the
LEAD
trial
is
shown
in
Figure
8. developed with 7.5 mm collimator to create 2 to 4
9. Theoretical treatment model generating a LEAD
3, 6,
dose cylinders with about 50 non-coplanar focused
Twenty patients
will
be
enrolled
over
a
two-year
period,
subject
to
early
dose distribution in 3-D using a robotic radiosurgery system.
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and feasibility
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that full
DCE-MRI Follow-up
dose plan with the Cyberknife for conventional
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determinedis
byto
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tumor.and feasibility.
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Gy x 38 will be subsequently
coverage
not thebe
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to elicitof 2the
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MRI Guided Biopsy
developed.
Thetwo
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planafter
and treatment
the conventional
fractionation
plan will be summed assure the total dose to
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completion
and
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desired.
Figure 8. Schema for a single-arm phase
critical
structures
would
not exceed
In this
evaluation the biological equivalent dose (BED) will be
relate biopsy
results
to MRI data
obtained
at 3, tolerance.
6, 12 and 24
months,
I clinical trial for evaluation of feasibility
computed
to convertanalysis
the LEAD
to the expression
conventional
fractionation
dose.
and•2) perform
an normal
exploratory
of dose
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from
Since
tissue
constraints
for
the
summed
and toxicity of LEAD RT.
Figure based
9 a theoretical
treatment model
been created whereby a LEAD dose in 3-D was generated
MRIus-directedInbiopsies
on MRI-ultrasound
fusionhas
to examine
plans
were
attainable
inon all
but
one
case,
larger DCs
using
a robotic
radiosurgery
system.
Two high
dosethose
cylinders are simulated in parallel to one another. The
the differences
in tumor
areas
that enhance
DCE-MRI
versus
each
dose
cylinder
is 7.5
mm
andtoxicities
its lengthand
(up to 20 mm) is determined by the size of the tumor.
that don’t. Patients will also be followed for with
fivediameter
years
toof acquire
data
on late
occurring
better
ImTV
coverage
is possible.
The dose cylinders are spaced 2 cm apart. The dose cylinders should preferably be centered at the centers of
biochemical failure.
• There
were
no
grade
3
acute
side
effects
and
the GTVs. In the case of only one Gross Tumor Volume (GTV),seen
additional
dose cylinders would be placed in
5.1.3. Patient Selection:
“normal” prostate tissue.
Preliminary
dosimetriccomparable
studies indicate that
feasible to introduce two LEAD RT
overall
that
toit ispast
Patients with an identifiable DCE-MRI tumor
mass will acute
be eligibletoxicity
for the study.
Dosewas
escalation in the
dose cylinders in the prostate without excessive dose to the surrounding critical structures such as bladder,
ranges proposed would impact intermediate riskexperience
and low volume high
riskstandard
patients most fractionation
significantly. From our
with
alone.
rectum and urethra. For example, in a 50.9 cc prostate with a 4.0 cc dominant enhancing tumor (GTV1) in the
recent, more mature dose response analysis14 we estimate that the intermediate risk and small volume high
peripheral zone on is
onefeasible
side and a 1.6
cc secondary
enhancing lesion
(GTV2) on the other side, approximately
• The
well-tolerated
acutely.
risk (Gleason 4+4) patient populations eligible
for theapproach
trial will have about
a 25% riskand
of biochemical
failure
2 cm distant, two dose rods were placed covered by 15 Gy with a maximum of 20 Gy. The V(15 Gy) values for
using the Nadir+2 (Phoenix) definition17 at 8 years, and that by further escalating dose the failure rate may be
GTV1 and GTV2 were 13.4% and 15.0%, with the V(3 Gy) (Dmax) for the rectum, bladder and urethra of 5.8%
reduced
by 15%.
We Phase
hypothesize
a concordant
drop
in biopsy positivity
of 50%. Feasibility and Acute Toxicity. Pollack, A. et al.
Prostate
Cancer
1 Lattice
Extreme
Ablative
(LEAD)
(4.0 Gy),Dose
1.0% (3.9
Gy), Trial:
and 47% (4.0 Gy).
There are noJournal
conclusive
data that Oncology
short term •androgen
deprivation ,has
an effect
on freedom
from
International
of Radiation
Biology
Volume
90 , Issue
1 , S455
The LEAD• Physics
treatment
will
be delivered
and within
24 hr, the conventional fractionation treatment will follow.
80
biochemical failure (FFBF) when such high RT doses are employed, although it has become fairly routine
There shall be no gap between the first three 2 Gy fractions. In-tempo image-guided technique will be used to
practice for men in the cohort to be studied. Since the assumption is that all enrolled patients in this clinical trial
deliver both the LEAD and the fractionation treatments, to minimize the dosimetric error caused by the intrahave significant disease as determined by DCE-MRI, short term androgen deprivation (STAD) for 4-6 mo will
fractional prostate movement.
be permitted (not required) using an LHRH agonist.
5.1.5.4 IMRT Planning:
5.1.3.1 Informed Consent: The risks and benefits of participating in this study will be explained to the
Treatment Planning: The CT and MRI scans will be loaded into a planning computer and fused based on
potential subject by one of the investigators or a member of the research team before enrollment into the
the fiducial markers. At each slice level, the pelvic bones, bladder, rectum, prostate, and seminal vesicles will
study. The potential subject will be given an opportunity to ask any questions that he might have before
be outlined. The rectum will be outlined from the anterior flexion of the rectosigmoid superiorly to the ischial
agreeing to participate in this study. Written informed consent will be obtained from the subject in the patient’s
tuberosities inferiorly. The entire bladder will be outlined. The femoral heads should be outlined down to the
primary language; we will make consent forms available in Spanish and English. Copies of the signed informed
5.

RESEARCH DESIGN AND METHODS

5.1 Aim 1:

LATTICE EXTREME ABLATIVE DOSE (LEAD) TRIAL

Research Design & Methods
Page 52

Research Design & Methods
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Chilling Question!!!!

Can we adopt “partial tumor radiation” in the clinic?

General consensus will be “NO”

BENEFITS

Partial high-dose irradiation promote
intra-tumoral cytokine induction that
can
attract
T-cell
infiltration,
imparting a highly immunogenic
tumor microenvironment.

Partial irradiation of tumor will still have
these infiltrating cells (CD3+/CD4+/CD8+)
in the unirradiated areas that can promote
stronger immunogenic cell death than the
open field irradiation.

• This concept of partial volume can be exploited in situations where
whole tumor irradiation is not possible due to toxicity to critical
surrounding normal tissue structures.
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Chilling Question!!!!

If we adopt “partial tumor radiation” in the clinic, then
how this can be utilized without compromising standard
of care?

High-dose Partial radiation and standard of care
As an induction regimen
12-24 Gy x 1
40-60 Gy
(2 Gy Fractions)

DCE AREAS
OF THE
TUMOR

Preboost/Indu
ction

LATTICE
RADIOTHERAPY

24-72hrs

STANDARD
FRACTIONATION

As a high-dose hypofractionation regimen
Days

1

5

9

13

17

Lattice Radiotherapy (8-12 Gy)

Chilling Question!!!!
Standard fractionation radiation has been reported to convert an
inflamed tumor to non-inflamed tumor (Tolerogenic environment or
immune tolerance).

Can space-time-fractionation (STF) be adopted to
eliminate the occurrence of tolerogenic environment?
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Animal Study
Slit-beam Block with kV-X

GI Toxicity Study
Open-beams block

Slit-beams block

Position
Position12

310 cGy x 10
Open field

500 cGy/fx x 10
(5xPosition 1 + 5xPosition 2)

BED(α/β=5) = 50 Gy

5 Gy x 5

3.1 Gy x 10

1 Month

2 Months

UT

STF

Open
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SMALL INTESTINE

STF

Open

STF: A SPACIAL CONCEPT WHOSE TIME HAS COME
STF Methodology

Recurrent H&N Tumor
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Space-Time Fractionated IMRT for Prostate Ca

Fractions 1,3,5… to Slice 1,3,5

Fractions 2,4,6…to Slice 2,4,6

1. Reduced toxicity
2. Same or improved tumor control
3. Dose escalation without increasing
complication
4. Retreatment with reduced risk
5. Suitable for both low and high α/β
6. New BID scheme
7. Protecting immunogenicity
8. Can this be generalized for standard
fractionation?

TAKE-HOME THOUGHT PROVOKING CONCEPT
New standard of care in radiotherapy
12-24 Gy
Preboost/Induction

40-60 Gy

Lattice
radiotherapy

PARTIAL TUMOR
RADIATION

Space-Time
Fractionation

24-72hrs

STANDARD
FRACTIONATION

Preserving/boosting immunogenecity
Sustained systemic/abscopal effect
Broad window for adjuvant immunotherapy
Preserving reduced toxicity
Targeting tumor endothelium

Auto-Radiosensitization

Intra-tumoral bystander effect
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