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Introduction

Low dose radiation therapy (LD-RT) has been recently resurrected and identified as a potentially life-
saving treatment which was used prior to the “age of antibiotics” in the treatment of seriously ill
patients with bacterial and/or viral pneumonia (Calabrese and Dhawan 2013a, b; Calabrese et

al. 2014, 2015, 2019; Dhawan et al. 2019, 2020).

LD-RT (X-ray therapy) was used to treat pneumonia during the first half of the 20th century. Fifteen
studies report that approximately 700 cases of bacterial (lobar and bronchopneumonia),
sulfanilamide non-responsive, interstitial, and atypical pneumonia were effectively treated by low
doses of X-rays, leading to disease resolution, based on clinical symptoms, objective disease
biomarkers, and mortality incidence. (Calabrese and Dhawan 2013)

The capacity of the X-ray treatment to reduce mortality was similar to serum therapy and sulfonamide
treatment during the same time period. Studies with four experimental animal models (i.e., mice,
guinea pig, cat, and dog) with bacterial and viral pneumonia supported the clinical findings.



Benign disease treated by LD-RT

historically

Bacterial and atypical pneumonia
Shoulder tendonitis/bursitis
bronchial asthma

carbuncles and furuncles (boils)
gas gangrene

sinus infections

inner ear infections and prevention of deafness
Pertussis

Lupus

Acne

Eczema

Keloids
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RT treating unresolved pneumonia

The initial report using X-rays to treat patients with pneumonia was in 1905 by
Musser and Edsall at the University of Pennsylvania.

They believed that X-rays may be useful in the treatment of unresolved
pneumonia, that is, when the disease resolution process fails to proceed to a
cure, with lung exudate material showing consolidation, enhanced bacterial
infestation, and risk of prolonged serious iliness.

Hypothesis: the X-ray treatment may accelerate autolytic processes and
enhance the "fementation" (metabolism) of conditions that had been slowed
down, including unresolved pneumonia. X-ray treatment would increase the
metabolic digestion of the exudative material, leading to a resolution of the

pneumonia.
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Scremer, W, 171 E. Randolph St., Chicago, IIL
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X-ray therapy In the treatment of pneumonia

Musser and Edsall, 1905 [14] Unresolved pneumonia

Edsall and Pemberton, 1907 [37] Unresolved pneumonia 2 2
Quimby and Quimby, 1916 [15] Unresolved pneumonia 12 11
Krost, 1925 [20] Unresolved pneumonia 12 11
Fried, [72] Post-operative pneumonia 40 32
Fried [73] Post-operative pneumonia 57 N/A
Merritt and McPeak, 1930 [22] Unresolved pneumonia 7 6
Powell, 1936, 1938, 1939 [3,28,33] Lobar pneumonia and bronchopneumonia 231 215
Scott, 1939 [24] Lobar pneumonia 138 111
Solis-Cohen and Levine, 1939 [25] Lobar pneumonia 42 40
Settle, 1941 [26] Lobar pneumonia 34 32
Rousseau et al. 1942 [27] Lobar pneumonia 104 98
Rousseau et al. 1942 [27] Viral pneumonia 29 22
Correll and Cowan, 1943 [34] Acute atypical pneumonia (not pneumococcal) 23 22
Correll and Cowan, 1943 Unresolved pneumonia 9 7
Oppenheimer, 1943 [32] Interstitial pneumonia (children) 36 33
Oppenheimer, 1943 [35] Virus pneumonia 56 45
Torbett, 1936 (see Abstract of Discussion in Powell [3]) N/A 30 29
Total 863 717

Calabrese and Dhawan 2013
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Efficacy of LDRT In inflammatory
conditions

RT studies are identified®12 that were conducted on more than 37,000 patients in the first part of the last
century, ranging in time from about 1910 to the early 1950s. Each ailment had its own historical
foundation as was described in prominent medical journals of the era. The strengths and limitations of the
studies were assessed in each review publication according to the specific ailment, as cited above.

Early researchers/physicians including Dr. Samuel Stern, noted that in many cases, the crisis occurred
within 24 hours after X-ray treatment and often were followed by complete recoveries. This observation
suggested that the recovery process was causally related to the X-ray treatment.

Conclusions:

In general, the clinical successes of RT were not only substantial for each type of ailment but also
repeatedly confirmed by independent studies.


https://journals.sagepub.com/doi/10.1177/0960327119846925?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://journals.sagepub.com/doi/10.1177/0960327119846925?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed

Dosing of LD-RT

Early studies used X-rays dose of 0.1-0.75 skin
erythema dose (SED), an emperically but not precisely
defined concept.

During 1920s and 1930s, the SED varied in the
carbuncle literature by author, typically being in the
350-500 Roentgen (R) range. The therapeutic
responses to a single RT treatment consistently
improved as the dosing decreased over time to
between 30 r and 100 r

One roentgen deposits 0.00877 grays (0.877 rads) of
absorbed dose in dry air, or 0.0096 Gy (0.96 rad) in soft
tissue. (1R in air is roughly 1 rad in human tissue)

These doses are in agreement with a number of
contemporary reports from Germany where RT has
been commonly and successfully employed in treating
ailments with an inflammatory origin, achieving this with
the application of relatively low doses (0.3-1.0 Gy)

Calabrese et al., 2019




LDRT for benign painful elbow

syndrome in Germany
All patients received RT in orthovoltage lechnique- e [ IS RN

case of insufficient remission of pain after 6 weeks a VAS  before  59.6+20.2 557+ 18.0 0.463

second radiation series was performed. values

Patients were randomly assigned to receive either single Right 3214245 34.4+22.5 0.256
doses of 0.5 or 1.0 Gy. after
Endpoint was pain reduction. 6 27.0427.7 23.5421.6 0.818

Pain was measured before, right after, and 6 weeks
after RT by a visual analogue scale (VAS) and a
comprehensive pain score (CPS).

weeks
after

Results: see table on right.

No statistically significant differences between the two
single dose trial arms for early (p = 0.103) and delayed S e B 131 0.207

response (p = 0.246) were found. mean

Right 4.5+32 5.0+ 3.4 p =0.507
Conclusion: RT is an effective treatment option for the after
management of benign painful elbow syndrome. For
radiation protection reasons the dose for a RT series is 6 3.9+£36 2.8+2.8 0.186
recommended not to exceed 3.0 Gy. weeks

after

Ott et al., Strahlentherapie bei Ellenbogensyndrom 2012



Fact

The use of LDRT has continued for the treatment of arthritis in Germany with 50,000 people treated
annually.



Timing of response

RT was reported to be frequently effective after only a single treatment, with a rapid (within 24 h) and often long-
lasting (from months to years) relief from symptoms.

Interstitial pneumonia:

The X-ray treatment for interstitial pneumonia was very successful when the duration of illness prior to the
therapy was 2 to 5 days and nearly as successful when duration of iliness prior to the radiotherapy was 6 to 14
days. After 14 days, the successful response rate dropped by about 50 percent. The so-called failure in the cure
rate meant that the symptoms did not completely disappear within a period of a few days.

Arthritis (Sautter_Bihl et al., 1993):

Between 1980 and 1991, ionizing radiation was applied for analgesic purposes to 181 patients (97 men, 84
women, mean age 54 [29-81] years) with degenerative-inflammatory skeletal disease. The long-term effects
were evaluated by questionnaire.

Radiation of 2.5 to 6.0 Gy achieved lasting pain relief in 21 of 30 patients (70 %) with arthritis of the shoulder or
humeroscapular periarthritis, 15 of 21 (71 %) with arthritis of the hip, in 12 of 15 (80 %) with heel spurs or
Achilles tendon bursitis and 10 of 11 (91 %) with epicondylitis.

Pain relief lasted for longer than two years in 41 of the 77 patients (53 %).

There were no side effects at the stated dosage.
Sautter-Bihl et al., 1993



Mechanism of LDRT

Within this context, several studies have indicated that ionizing radiation induces macrophage

polarization, with the capacity to polarize macrophages toward either M1 (pro-oxidative) or M2 (anti-
inflammatory) phenotypes depending on the radiation dose .42

These observations are potentially significant since they help explain the dual capacity of ionizing

radiation to be effective in both treating inflammatory conditions (i.e. M2 mediated) and killing microbes
and tumor cells (i.e. M1 mediated).


https://journals.sagepub.com/doi/10.1177/0960327119846925?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://journals.sagepub.com/doi/10.1177/0960327119846925?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed

The Immunosuppressive effects of
LD-RT

Substantial research has revealed that LD-RT induces an anti-inflammatory phenotype in a wide range
of systems

in vitro cell lines e.c};}., activated murine macrophages-RAW 264.7 cells, mouse resistant peritoneal
macrophages, adult human peripheral blood mononuclear cells, primary cultures of human umbilical vein
endothelial cells, HC 60 cells [i.e., leukocytes], the hybrid endothelial cell line EA-hy.926, and the murine
endothelioma cell line mIEnd) and

in vivo models (e.g., murine air pouch models with Tuck mice, NMRI mice, Lewis Rats, C57 BC/6 mice, DBA
mice, BALB/C mice, human tumor necrosis factor 2 transgenic mice).

The mechanism(s) accounting for the anti-inflammatory phenotype(s) in the broad range of biological models
als|() gilﬁglays a common strategy with similar patterns and sequences of biochemical/molecular events,
inclu

NO/INOS decrease [50-52], reduction in reactive oxygen species [53],

enhancement of heme-oxygenase 1 (HO-1) [51,54,55],

induction of apoptosis [56-62],

suppression of TGFa, enhancement of TGF[31 [54,55],

activation of transcription factors NFkB and activating protein 1 (AP-1) [63,64],

decreased adhesion of leukocytes and PMN to endothelial cells (EC) [47,48,65-69], and
enhancement of T regulatory cells [55,70,71].

Nrf2 activation
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The Immunosuppressive effects
of LD-RT

Data from previous study suggest that macrophages are polarized more toward M2 and the anti-
inflammatory state when doses descend below 1.0 Gy and, conversely, more toward M1 and the pro-
inflammatory state when doses ascend above 1.0 Gy.



RT at 2Gy/fraction induces pro-inflammatory
macrophage differentiation
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LD-RT (<1-2Gy) induces
Immunosuppressive macrophage

Peritoneal macrophages activated by LPS:

Wunderlich et al., 2015



Challenges using LD-RT Iin benign disease
-Secondary cancer risks of LD-RT

According to dose measurements the theoretical risk of malignant tumor induction is 20-40/million
radiated patients and thus four orders of magnitude below the spontaneous malignant tumor incidence

rate (
>10% for age 60-69 or higher for elder age population; ~450/100,000 or 4,500/million in all ages

Probability (%) of Developing Invasive Cancer during Selected Incidence of cancers (per 100,000, age adjusted), US, 2011-2016,
Age Intervals by Sex, US, 2013-2015* American Cancer Society

O O

All sites excludes basal and squamous cell skin
cancers and in situ cancers except urinary bladder.



Transformation incidence of irradiated
cells



Importance of age at exposure

Children and young adults are much more susceptible to radiation-induced cancer
than the middle- and old-aged.



Potential applications of LD-RT In
modern medicine

Patients with cancer

Cancer treatment induced inflammatory conditions, such as
Radiation pneumonitis
Radiation necrosis
Radiation-induced colitis/cystitis

Immunotherapy related toxicities, ie, thyroiditis, pneumonitis, encephalitis, hypothesitis, nephritis,
gastrointestinitis, etc.

Infectious disease with low virulent disease but acute high inflammatory response of body with mortality
COVID19

Other non-related benign inflammatory disease such as arthritis in patients with cancer



LOWRAD-Cov19 trial

A prospective, single-arm, phase 1/2 clinical trial conducted at Madrid, Spain.

Eligibility: Patients aged =50 years, coronavirus disease 2019 (COVID-19) positive, bilateral lung
involvement at imaging study and oxygen requirement (O2 sat < 93% via RA).

Treatment: Patients received 100 cGy to total lungs in a single fraction.

Primary outcome: radiologic response using severity and extension score on baseline computed
tomography (CT), at days 3 and 7 after LD-RT.

Secondary outcomes were toxicity, duration of hospitalization, blood work evolution, and oxygen
requirements using SatO2/FiO2 index (SAFI), at days 3 and 7 after LD-RT.

Median time to receive RT from the date of admission was 52 days (17-
85) and from the last anti-COVID treatment (hydroxychloroquine,
lopinavir/ritonavir, tocilizumab, or remdesivir) was 25 days (10-75).

Sanmamed et al., JROBP 2020;
Radiother Oncol 2022



LOWRAD-Cov19 trial - Results

41 patients were included. Median age was 71
(interquartile range, 60-84).

Severity score was stable or decreased in the third CT but
was not statistically S|.<};1n|f|cant (P = .28); however, there
were statistically significant changes in the extension
score (P = .03)."SAFI index significantly improved 72
hours and 1 week after LD-RT (P < .01)§.

Inflammatory blood parameters decreased 1 week after
RT compared with baseline; only C-reactive protein on day
7 and lymphocytes counts on day 3 and 7 decreased
significantly (P'=.02).

Two patients presented grade 2 lymphopenia after RT and
another (with baseline grade 3) worsened to grade 4.

Overall, the median number of days of hospitalization was
59 (26-151). After RT the median humber of days in the
hospital was 11 (4-78).

With a median follow-up after RT of 60.da¥s(§), 63%
atients were discharged and 37% fatlen s died, (27%
rom C())VID-19 respiratory failure; 10% from other

causes).

Sanmamed et al., JROBP 2020;
Radiother Oncol 2022



LDRT
Studies on
CovDI19
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controls

Phase I/II
Multicentric
Control group

Phase I/II
Randomized

Phase Il
No randomized
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Double-blind

Phase I/II
No randomized

Inclusion criteria

>60 yo,
Sp02 <93% or RR >30/min

02 requirement, Rx involvement

Mod-severe, hospitalized with
suppl. 02. Not ICU candidate
<8 days of symptoms

>40 yo, <10 days of symptoms,
RR >24/min, Sp0O2 <94%
and Sp0O2/FiO2 ratio >89 and <357

Moderate to severe illness,
RR >24/min and/ or Sp02 <94%

ICU, Male>40yo, Female >50yo

>50 yo,
02 requirement,
Rx involvement
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Primary endpoint

SpO2 improveme
nt

Time to clinical
improvement

Improvement in
Sp02/Fi02

Improvement in
Sp02/Fi02

Clinical recovery

Ventilator-free
days at day 15

Radiological
response

Key results

90% improved SpO2 one day after LDRT.
5 patients D/C, 4 died.

Response rate better in 0.5Gy Rx (80% vs
40%).

12 vs 3 days for RT (p = 0.05).
Intubation rates: 14% vs 32% without
(p=0.09). 28d 0OS 90%.

Sp02/Fi02 at 24 h improved in 50% patients.
64% survived, 22% died from Covid. No
toxicity.

Sp02/Fi02 improved at48 h,3dand 7 d
(p = 0.025). Rx improvement.

Clinical recovery ranging from 3 to 7 days.
9 patients survived and 1 died.

No differences VFDs. 28 d OS 63.6%.

Extension score improved at 7d (p = 0.002).
Sp02/Fi02 improved at 3d and 7d (p < 0.01).
63% patients D/C and 27% died from Covid.

Adapted from Sanmamed et al., 2022



Summary

Large number of patients with a variety of benign infectious/inflammatory disease have been treated with
LD-RT historically with high efficacy.

Treatment effects usually take place within days after LD-RT and can have durable effects, ie. months to
years.

New anti-inflammatory medications/antibiotics have largely replace the need of further research of LD-RT
in these conditions.

Concerns of secondary cancer risks of RT for treating benign disease. But single fraction of <1Gy has
very low risk of secondary cancer induction.

LD-RT (<1Gy) have immunosuppressive effects, particularly by promoting M2 subtype of macrophage
differentiation. The best utilization of LD-RT might be treating therapy-induced hyperimmunostimulation in
cancer patients.



Clinical trial design

Cancer patients with therapy-induced hyper-immunostimulation
Radiation pneumonitis
Radiation necrosis

Conditions not responding to steroids
prolonged used of steroids
requiring very high dose of steroids with side effects

Intervention: LD-RT of 1Gy x 1

Symptoms to be evaluated within the first week after LD-RT



Thank you!



