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Osteoarthritis

« 2020 estimate: 7.6% of the
world's population, or 595 million
people, had osteoarthritis

*In US alone, over 32 million
adults are estimated to be living
with OA.

* Prevalence of OAis particularl
high among older adults, and it's
projected to increase in the
coming decades due to aging
populations and other factors

* 68.8% of people with hip/knee
OA have unmanageable pain




Other painful inflammatory
musculoskeletal conditions

*Tendinitis (e.g., rotator cuff *Chronic exertional compartment syndrome (with
tendinitis, patellar tendinitis, inflammatory component)
Achilles tendinitis) *Myofascial pain with local inflammation

-Tenosynovitis (e.g., De Quervain’s)EtrtehSS ftr_actluresl_witjhtperiostteal inflammation
-Bursitis (e.g., subacromial bursitis, =/nesitis (localized to sports overuse)

. . *Flexor-pronator tendinopathy (golfer’s elbow /
olecranon bursitis, trochanteric medial epicondylitis)

bursitis) - *Tibialis posterior tendinopathy

*Plantar fasciitis *Infrapatellar fat pad impingement (Hoffa’s
*Medial tibial stress syndrome (shin gisease)

splints) with periostitis «Chronic synovitis from repetitive joint overuse

*lliotibial band syndrome «Calcific tendinitis



History of low dose radiotherapy

HISTORY OF LDRT: MODERN DAY LDRT

Consensus guidelines for radiation therapy of ben
diseases: a multicenter approach in GERMANY

Oliver Micke, M.D £ «» M.Heinrich Seegenschmiedt, M.D., Ph.D.

German Working Group on Radiotherapy of Benign Diseases

DOI: https://doi.org/10.1016/S0360-3016(01)01814-4

Goldie et al DEGRO task
force for
benign disease
created
Von Panewitz et al DEGRO guidelines
Discovery of X-rays Valtonen et al Sublished
1% publication of RT for Naproxen approved by U?da“ted
iti guidelines
arthritis FDA %

published
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#343 - The evolving role of radiation:

R E S U R G E N C E O F advancements in cancer treatment,
emerging low-dose treatments for arthritis,
tendonitis, and injuries, and addressing

I N T E R E S T I N misconceptions | Sanjay Mehta, M.D.

We don't have that deficit 1 our fields n't as pr
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N O N C N C E Sanjay Mehta is a radiation oncologist with over 25 years of experience, and is currently the president of

Century Cancer Centers in Houston, Texas (drsanjaymehta.com). In this episode, Sanjay explores the rapidly
evolving field of radiation oncology, addressing common misconceptions about radiation exposure. He delves

into radiation’s critical role in modern oncology, examining recent advancements that precisely target tumors
while minimizing damage to surrounding healthy tissues and reducing side effects, with specific insights into
breast, prostate, and brain cancers. Sanjay discusses fascinating international practices involving low-dose

radiation therapy for inflammatory conditions such as arthritis, tendonitis, and sports injuries, highlighting its
effectiveness and potential for wider adoption in the United States. Wrapping up on a lighter note, Peter and

Sanjay discuss their mutual passion for cars and reveal how this shared interest first brought them together.
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Radiation - Doses & Diseases
Not all photons are created the same

High Dose (5-130Gy/fx) “Regular Dose” (1 8-2 2Gylfx
High Tech

Low Dose | Low Tech

* Acoustic Neuroma
* Meningioma
* Pituitary Adenoma

* AVM (Arteriovenous
Malformation)

« Cavernous Angioma
* Chordoma

* Glomus Tumors

« Trigeminal Neuralgia

SMALL NUMBER OF HIGH,
ABLATIVE DOSES

* Breast cancer

- Head & neck cancer
* Prostate cancer

« Skin cancer

* Lymphoma
 Endometrial Cancer

LARGE NUMBER OF MEDIUM DOSES
LEVERAGING CANCER CELLS
SLIGHTLY HIGHER SENSITIVITY TO
RADIATION

» Osteoarthritis

« Contractures

« Plantar Fasciitis

» Plantar Fibromatosis
» Tennis Elbow

Grave's Disease
Keloids

e SMALL NUMBER OF

LOW DOSE
TREATMENTS



Treatinq1 Conditions | Mechanisms of Action

Selected Me

’

anisms of Action Depending on the Underlying Disease

O
M (R

Reducing Inflammation Sterilizing Infections Disrupting Electrical Pathways Inducing Fibrosis
Lowering levels of Arresting runaway infections Abnormal feedback loop is Overly loose tissues return to
pro-inflammatory cytokines interrupted more normal state

Pain Centers/Circuits Interruption
Disrupting signals going to pain
centers

%

Immune Modulation
Immuno-suppression in
autoimmune diseases

Disrupting Vasculature
Endothelial damage collapses
vessels




MSK Diagnoses Where RT is Being Investigated

with ICD-10 codes

®

OONO,

Shoulder .

«  M75.1 = Rotator cuff syndrome Hip _ 3

- M75.2 = Bicipital tendinitis + M70.6= Trochanterl_c burS|_t|s (GTPS)
+  M75.3 = Calcific tendinitis of shoulder * M16.9 = Coxarthrosis ( = hip OA)

+  M75.4 = Impingement syndrome of shoulder *  M76.1 = lliopsoas Tendinopathy

e M75.5 = Bursitis of shoulder « M76.3 = lliotibial ba_nd syndrome

+  M19.01 = Osteoarthritis, shoulder * M333= Cocgyx pain.

+  M75.9 = Shoulder lesion, unspecified *  M70.7 = Ischial bursitis

Elbow

«  M77.0 = Medial epicondylitis(Golfer’s elbow) Knee

. M17.9 = Knee osteoarthritis

+ M71.2 = Baker cyst

. M76.5 = Patellar tendinitis

+ M70.4, M70.5 = Bursitis (pre-patellar, other)

*  M77.1 = Lateral epicondylitis(Tennis elbow)
. M70.2 = Olecranon bursitis
. M19.02 = Osteoarthritis, elbow

Wrists and Digits

*  M72.0 = Dupuytren’s disease

*  M72.1 = Knuckle pads(Garrod)

*  M15.9 = Osteoarthritis(OA) of fingers/wrist joints
*+  M18.9 = OA of CMC1 joint(base of thumb)

*  M65.4 Radial styloid tenosynovitis (de Quervain)

Foot and Ankle
. M72.2 = Plantar fascial fibromatosis
. M72.2 = Plantar fasciitis
. M76.6 = Achilles tendinitis
. M19.07 = Osteoarthritis of ankle and foot
*  M20.2 = Hallux rigidus
*  M76.8= Other enthesopathies of lower limb,
excluding foot
*  Anterior tibial syndrome
. Posterior tibial tendinitis

Other

+  M19.9 = Osteoarthritis

+  M61.9 = Heterotopic ossification, Myositis Ossficans
+ M12.2 = PVNS (pigmented villonodular synovitis)
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Content Concept Courtesy Richard Shaffer MD, Founder and CEO of Radiotherapy Academy for Benign Conditions (RT-ABC). To be submitted for publication, Weissmann et al



Musculoskeletal Dlsorder

Reducing debilitating pain & function

* Osteoarthritis

* Dupuytren’s Contracture
* Plantar Fasciitis

* Ledderhose Disease

9 © VARIAN MEDICAL SYSTEMS, INC. — For immediate recipient’s use only.



Osteoarthritis
Reducing debilitating pain & function

18 Modern Studies

Patients

Dose Range

Outcome
Range

Retrospective

Prospective

Randomized

18 Studies 9 Studies 6 Studies 3 Studies
5992 4214 1438 340
3Gy/0.5 Gy 3 Gy/0.5 Gy 3Gy/0.5 Gy 3 Gy/ 0.5 Gy
6 Gy / 0.5 Gy 6Gy/1Gy 6 Gy / 0.5 Gy 6Gy/1Gy
NA 57.6% response 49.6% response closed early
@6bm @ 29m 44% response @ 3m
75% response 50% response @ bw 43% @ 3m in sham
@6bm 25% response @ 52w

Dove APH, Cmelak A, Darrow K, McComas KN, Chowdhary M, Beckta J, Kirschner AN.
The Use of Low-Dose Radiation Therapy in Osteoarthritis: A Review.

Int J Radiat Oncol Biol Phys. 2022 Oct 1;114(2):203-220.



https://pubmed.ncbi.nlm.nih.gov/35504501/

Figure 1. Primary pathophysiological mechanisms of OA. The roles that cytokines.
chemokines, and the innate immune response play in the development and progression
of OA
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How does it work?

Macrophages

IL-8, TNF-a, IL-1,etc
: representation of NE production is linked to an increase in cartilage

Q R u
EVI ew D I I Cartilage
‘ ' 1 I gh the activation of MMP-13. Synovial fluid contains numerous
a‘ ] ] ‘ ] J a ID‘ , I I I okines that promote inflammation
Q t I u t u

Active Synovial
Inflammation
Pain

Cartilage L T

njury Drives Inflammation, | B e
Inflammation Drives Pain




Overview of pain in OA or other
inflammatory joint conditions

C

» Surface degradation
drives inflammation

* Inflammatory cells
release cytokines that
stimulate nociceptors
(nerve receptors)

* Nerve receptors
convert harmful signal
Into electrical activity

* Electrical activity
transmitted through
nerves to the spinal
cord, then to the
sensory cortex of the
brain



H OW d 0 e S It WO rk? Radiobiological mechanisms of
LDRT sterilizes raciation thoramy (LDRT). o

n flamma tion LDRT modulation of

endothelial cells by reduced expression of
adhesion molecules (1), resulting in a

Radiobiologic Mechanisms of Anti-Inflammatory cascade of decreased cell migration and
Effect of Low-Dose Radiotherapy

increased anti-inflammatory cytokines (2).

Decrumsad wapresskn
of protammatory

ek Irradiated leukocytes result in a decrease
X of proinflammatory cytokines (7) and

subsequent

increased apoptosis (3);

Reactive oxygen species (ROS) production
is also reduced with irradiated leukocytes
(4). Macrophage modulation by radiation
(6) promotes regulatory immune cytokines
while inhibiting proinflammatory cytokines
and

inducible nitric oxide synthase,
downregulating nitric oxide production (5).

o natory Nitne
Gk Oxide Inflamed tissue



How is it done?

High energy linear accelerator
(hips, large patients with more soft
tissue); requires shielding

Low energy orthovoltage (office based, minimal shielding)
(shallow joints: hands, feet, knees)



How do we set up the patients???




What are the risks?

Risk of secondary malignancy

Low doses of ionizing radiation have the potential for the
induction of secondary malignancy (SM), believed to occur
as a stochastic effect with no threshold point and an
increased risk proportional to increased dose.s:\When
evaluating the carcinogenic risk of LDRT in the treatment
of

OA, factors such as age, sex, and anatomic location of
treatment should be considered.ss Multiple studies have
tried to

estimate the risk of SM from LDRT.ss

One challenge regarding estimating risk of SM is that
much of our understanding of SM risks are based off
cohort studies investigating the incidence in atomic bomb
survivors and patients who developed SM after treatment
with older RT techniques.se:

Noncarcinogenic risks

LDRT has been shown to have very minimal acute side
effects. In a review of several studies induding over 1000
patients, only 1 patient reported mild skin redness. No other
acute or late side effects were noted.™ ° Additionally,
LDRT does not negatively affect the function of healthy,
noninflamed joints in precinical studies,” and no literature
exists to suggest LDRT could negatively affect a surgical pro-
cedure after irradiation for QA.

Less total energy is deposited
in the joint than a CT A/P.

Additional risk of a secondary
skin cancer is probably
equivalent or less than the risk
of a large field CT scan



ANKYLOSING

What else can we use it for? "

Ultra-Low Dose Radiotherapy for Ankylosing Spondylitis

Case Report: Successful Use of Conformal, Focal Ultra-Low Dose Radiotherapy
for Refractory Cervical Spine Pain in a 30-Year-Old Man with Ankylosing
Spondylitis

Evan Thomas MD, PhD; Bobby Koneru, MD; Michael Lopker, MD, PhD
Abstract

Ankylosing spondylitis (AS) is a chronic inflammatory disease primarily affecting the
spine and sacroiliac joints, often managed with NSAIDs, corticosteroids, or biologics.
We report the first use of conformal, focal ultra-low dose radiotherapy (Ultra-LDRT) in a
30-year-old man with AS and refractory cervical spine pain unresponsive to
methotrexate and steroids and minimally responsive to celecoxib. Ultra-LDRT (3 Gy in 6
fractions every other day) was delivered to the cervical spine using a conformal four-arc
IMRT plan. Short-term follow-up at two weeks showed marked pain reduction (VAS 6 to
1-2) and improved flexibility, with long-term outcomes pending further observation. This
novel approach offers a promising alternative for refractory AS, warranting further
investigation.

VAS Pain Score Pre- and Post- Ultra-LDRT

Introduction 10 10 (Worst Pain)

. . ) . ) L ) p < 0.05 (if applicable)
Ankylosing spondylitis (AS) is a chronic inflammatory disease primarily affecting the

spine and sacroiliac joints. Traditional treatments include nonsteroidal anti-inflammatory
drugs (NSAIDs), corticosteroids, and biologic agents. However, some patients may not 8 1 pr—— 8
respond adequately to these therapies or face delays in accessing immunobiologics. To
our knowledge, this represents the first application of conformal, focal ultra-low dose
radiotherapy (Ultra-LDRT) for ankylosing spondylitis, leveraging modern precision
radiotherapy techniques to target the cervical spine. Given the limited options for
patients refractory to conventional therapies and the delay in accessing
immunobiologics, this case offers a timely proof-of-concept for an innovative approach.
This case report discusses the successful use of Ultra-LDRT in a patient with AS who
did not respond to steroids and had only a minor response to celecoxib.

Mean: 6
6 —_—— Min: 4 -6
Max: 8

4 -4

VAS Pain Score (0-10)
Pain Intensity (VAS 0-10)

Case Presentation
Mean: 1.5 2
Min: 0
Max: 3

A 30-year-old man with recently diagnosed AS presented with persistent pain and

stiffness in the cervical spine, sacro-iliac joints, temporomandibular joints, and anterior

globes. Initial treatments with celecoxib followed by steroids and methotrexate provided

minimal relief. Due to a lack of approval for immunobiologics at the time, an alternative 0

T 0 (No Pain)
Pre-LDRT Post-LDRT (1 Week)

Figure 2 - VAS Pain Scores Pre- and Post-Ultra-Low-Dose Radiotherapy (Ultra-LDRT) for a single patient (n=1). Bars
represent the range of patient reported pain scores (min to max) with a continuous gradient from no pain (blue) to worst
pain (yellow)



Up next — LDRT in action - clinical cases

Low-dose radiotherapy an attractive pain relief option
for millions with non-cancerous diseases

Radiotherapy







