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USA Arthur Compton i
| Compton Scattering 1923

The in-elastic scattering of photons in matter results in a
decrease in energy (increase in wavelength) of an X-ray or
gamma ray photon and is called the Compton effect.

Part of the energy of the X/gamma ray is transferred to a
scattering electron, which recoils and is ejected from its atom
(which becomes ionized), and the rest of the energy is taken
by the scattered, "degraded” photon.

(September 10, 1892 - March 15, 1962)

Compton Effect

o . L . ° Recoil electron from the outer shell
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William Henry Bragg, who discovered Bragg peak in 1903
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Cyclotron Nozzle
Using magnetic fields, tha cyclotron A 21po0-pound magnet gudes the baam
can accalerate the hydrogen protons to o the patient through a nozzle.

two-thirds the speed of light.

Electromagnets

the proton beams toward » n

The magnets focus
the gantry.

- : €
Gantry

The gantry can rofate 360" around the
patient to position the nozzia
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Comparizon of proton (a) and carbon ion (b)) treatment plans for the skull base chordomas. In the dose—volume histogram (DVH), the solid and dashed curves
represent the carbon ion and proton plans, respectively (¢
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Loss of Total LBM % Complications Associated mortality %

{101V | Impaired immunity, increased infection 109

20% Decreased healing, weakness, infection, 30%

thinning of skin

T K it, devel
30% 00 weak to sit, pressure sores develop 5 O%

pneumonia, no healing

40% Death, usually from pneumonia 100%

Demling RH. Eplasty. 2009;9:65-94
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Hazard ratio
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1.8 Overall p<0.0001
Non-linearity p=0.0001
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TABLE 2 Effect of supplementation with whey protein on body composition, body weight, muscle strength, and quality of life in the modified intention-to-treat population (changes from

baseline values)

First follow-up visit (1 mo) End of study (3 mo)
Counseling  Counseling + whey protein Counseling Counseling + whey protein
(N = 76) (N=175) Treatment effect (N=69) (N = 66) Treatment effect
Endpoint Mean (SD) Mean (SD) Mean (95% CI) P-value  Mean (SD) Mean (SD) Mean (95% CI) P-value
Phase angle (°) —0.22(1.23)  0.20(1.14) 0.42 (0.04 1o 0.80) 2031 —-0.28 (1.18) 0.20 (1.29) 0.48 (0.05 1o 0.90) 027
Standardized phase  -0.39(1.70)  0.39(1.59) 0.78 (0.25 w0 1.31) 004 —0.36 (1.55) 0.33 (1.86) 0.69 (0.11 1o 1.27) 021
angle
Fat-free mass index  —=0.01 (1.26)  0.11{L.17) 0.12(=0.27 10 0.51) 53 —0.14 (1.35) 0.32(1.22) 0.46 (0.02 1o 0.90) 041
(kg/m~)
Body weight (kg) =0.1(2.3) 0323 0.4(=03101.2) 22 =0.7(4.2) 1.0 (4.1) 1.7(0.2103.1) 023
Handgrip strength -0.4(2.9) 0.3(28) 0.7 (=0.2 1o 1.6) A2 —0.9 (4.4) 1.4 (3.1) 2.3(1.0 1w 3.6) <.001
(kg)
Global Qol. * 0.54 (16.5) 294 (13.3) 2.40(=2.71 10 7.51) 35
{score)

P-values <05 have been highlighted in bold.
Abbreviations: 95% CI, 95% confidence interval; Qol., quality of life; SD, standard deviation

*Assessed by means of the European Organization for the Research and Treatment of Cancer Quality of Life Questionnaire Core 30 (EORTC-QLQ-C30).

Cancer Medicine. 2019:00:1-10
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TABLE 3 Treatment toxicity according to CTCAE 4.03 in the randomized population

Endpoints

Any
Hcmalological"
Gastrointestinale
Others

Multiple

Grade 3-4
Hcmululogiculh"'
Gastrointestinal™*
Others*

Grade 5

Complete CT

suspension

P-values <.05 have been highlighted in bold.

o

Primary analysis
Counseling + whey

Counseling protein

(N=84) (N =82) Risk difference

n|[%) n|[%] % (95% CI) P value
83 [98.8] 73 (89.0) -9.8(-16.9 10 -2.6) 009
17 [20.2) 10[12.2) -8.0(=193103.2) 21
44 (52.4] 38 [46.3) -6.0(=21.2109.2) 44
64 (76.2] 57 [69.5] -6.7(-20.210 6.8) 38
41 [48.8] 23(28.0) -20.8 (-35.2 10 —6.3) 007
44 [52.4) 18 [22.0] =304 (-44.4 10 -16.5) 001
12 (14.3) 4(4.9] -9.4 (~18.4 10 —-0.4) 06
21 [25.0] 10112.2) —12.8(-24.710-0.9) 046
11(13.1] 4(4.9] -8.2(=16.9100.5) 10
2(24) 1[1.2] -12(-5.21029) >.99
10[11.9] 516.1] -5.8(-14.5102.9) 28

Abbreviations: 95% CI, 95% confidence interval; CT, chemotherapy

"Patients receiving at least three CT cycles during the study.

bag s
"Neutropenia/anaemia/thrombocytopenia,

“Nausea/vomiting/diarrhea/constipation,

¢ .
Only the worst was counted for each patient,

Cancer Medicine. 2019:00:1-10

=84
BT - RR{ESEHE

= A% 2 72

w2 &

Sensitivity analysis*
Counseling + whey
Counseling protein
(N =58) (N=54) Risk difference
n [%] n[%] % (95% CI) P value
57(98.3) 48 [88.9] -93 (18410 -04) 055
14[24.1) 4(7.4] —16.7 (=29.8 10 —3.7) 020
29 [50.0) 24 [44.4) —-5.6(=24.11012.9) 58
41[70.7) 39(72.2) 1.5(=1521018.3 >.99
26 [44.8) 13 [24.1] -20.7 (-37.9 10 —3.6) 029
33 [56.9] 10 [18.5] -38.4 (=54.8 10 —21.9) <001
10[17.2) 1[1.9] —15.4 (=25.8 10 —5.0) 009
18 [31.0] 6[11.1] —-199(-34510-54) 012
5(8.6) 3(5.6) -3.1(-12.6106.5) 7
1{1.7] 0[0] ~-1.7(-52101.8) >.99
3[5.2] 21(3.7) -1.5(-9.1106.2) >.99
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Supplementation on Perioperative Functional
Exercise Capacity in Patients Undergoing

Colorectal Resection for Cancer: A Pilot
Double-Blinded Randomized

Placebo-Controlled Trial ®

Chelsia Gillis, MSc, RD*; Sarah-Eve Loiselle, PDt"; Julio F. Fiore, Jr, PhD, PT: Rashami Awasthi; Linda Wykes, PhD; A. Sender Liberman, MD;
Barry Stein, MD; Patrick Charlebois, MD; Francesco Carli, MD, MPhil

ARTICLE INFORMATION ABSTRACT

Article history: Background A previous comprehensive prehabilitation program, providing nutrition
Submitted 28 August 2014 counseling with whey protein supplementation, exercise, and psychological care,
Accepted 3 June 2015 initiated 4 weeks before colorectal surgery for cancer, improved functional capacity
Available online 21 July 2015 . L

before surgery and accelerated functional recovery. Those receiving standard of care
Keywords: deteriorated. The specific role of nutritional prehabilitation alone on functional recovery
Prehabilitation is unknown.

CWQPI‘:;QE':’:I‘:QEW Objective This study was undertaken to estimate the impact of nutrition counseling
Recovery with whgy protein on preupgraﬁve functional walking capacity and recovery in patients
Functional capacity undergoing colorectal resection for cancer.

Design We conducted a double-blinded randomized controlled trial at a single
2212-2672/Copyright © 2016 by the Academy of uniyersity-afﬁliated tlelrtiary center located in Montreal, QLIlEbEIC. Canada. Colon cancer
Nutrition and Dietetics. patients (n=48) awaiting elective surgery for nonmetastatic disease were randomized
http//dx.doi.org/10.1016/j jand .2015.06.007 to receive either individualized nutrition counseling with whey protein supplementa-

wnanene | COmchusion Clinically meaningful improvements in functional walking capacity were
e achieved before surgery with whey protein supplementation. These pilot results are

encouraging and justify larger-scale trials to define the specific role of nutrition pre-
habilitation on functional recovery after surgery.

Slvr.aun
Conclusion Clinically meaningful improvements in functional walking capacity were
achieved before surgery with whey protein supplementation. These pilot results are
encouraging and justify larger-scale trials to define the specific role of nutrition pre-
habilitation on functional recovery after surgery.

icad o Dt o2 arz J Acad Nutr Diet. 2016;116:802-812.
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Ichikawa et al. (2013) -

Kuroda et al. (2010)

RR (95% Cl)
1.09 (0.45, 2.66)
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Overall effect: Z=1.24 (P=0.214)

1.07 (0.40, 2.87)
0.95 (0.62, 1.46)
0.88 (0.46, 1.68)
069 (046, 1.04)
0.86 (0.67, 1.09)

Weight %
888
417
859
203
1.25
7.86
2348
15.14
2860
100.00

ds09 196
B

Study RR (85% Cl) Weight %
Nagasue et al. (1998) -—-—..— 1.03(0.73,145) 2264
Okabayashi et al. (2008) _,__.— 125 (0.58, 266) 647
Ichikawa et al. (2013) £ 0.77 (0.14, 4.25) 1.94
Nishikawa et al. (2013) - 059 (0.42, 0.81) 44.46
Poon et al. (2004) - 0.84 (0.67,1.07) 24.49
Overall (I-squared = 43.9%, p =0.129) O 0.80 (0.67, 095) 100.00

Overall effect: Z=2.5 (P=0.012)

Y39 \
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§

Flg. 2 Forest map of summary estimates for comparison ol

mortality between BCAA and

7.19

Favours control

control groups. a) 1-year n

ortality; b) 3-year mortality

Chen et al. Nutrition Journal (2015) 14:67
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Omega-3 Fatty Acid Acting on Different Elements of the Viral Inmune Response

{Viral binding & invasion flmmune cells
Phagocytosis by macrophages & neutrophils

s

Viral replication .

* e @ ", Anti-inflammatory
.,

‘el rre: ® e
ey 2 L «— Omega-3 fatty acids

Treg differentiation

Respiratory epithelium 2 + Cytokine storm
— | Release of pro-inflammatory
factors like IL-1B, IL-6, TNF-a
-
Chart Date 1/4/21 GrassrootsHealth | Moving
m Nutrient Research
©2021 GrassrootsHealth Research Institute | Into Practice

Hathaway et al., Infect Chemother., 2020. www.grassrootshealth.net
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Table 3. A brief summary of the selected articles using omega-3 PUFAs as treatment for depression.

Clinical or

Authors Experimental Species Treatment Scheme Major Outcome
Condition
Chhetry et al, 2016 1g'FO(1.6gEPA  Improved MDD-related
[143] MDD Human + 0.8 g DHA) white matter deficiency
Smith et al., 2017 260 mg or 520 mg 24% of Pahents Shﬂw?d N
[129] MDD Human DHA reduction of degr{:‘essmn
severity = 50%
Wuetal, 2018 Chemotherapy-induced Rat thi:E: EBE;EEE;‘;B+ deplzsiiifliilllzjgéfiinrs
[144] depression 24% DHA) (p < 0.001)
. 1.5 g/kg omega-3 Omega-3 PUFAs
Dang ﬁ‘;’%‘i' 2018 LE‘;;S;;“‘ Rat PUFAs (34% EPA +  decreased depressive
> P 24% DHA) behavior (p < 0.001)
Nishinaka etal., Behavioral despair Mice GW9508 (1.0, 10 or FFJ&;};::;EE;??‘;S?E iEI'SEd
2014 [137] paradigm 25 ug/mouse) i.cv suspension tgsl (p < 0.05)
Deyama et al, 2017 [ PSinduced , EvD1 ?'ID ngicv.)  Both l'lEFlf]‘l‘uEfI‘ilS inhjl:ti‘ted
[140] depression Mice or RvD2 (10 ng depressive-like behaviors
icw) (p < 0.005)
Deyama et al., 2018 LP5-induced Mice EvE3 (10 and 100 Inhibition of depressive
[141] depression ngicw) behavior (p < 0.005)
. Chlormc RvD1 (10 ngi.cv.)  Both treatments inhibited
Ishikawa et al., unpredictable . . . o
Mice or RvD2 (10 ng depressive behavior for
2017 [142] stress-related .
. icw) 24 h (p < 0.05)
depression

1 FO: Fish oil.

Nutrients 2019, 11, 945; doi:10.3390/nul1050945
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Table 1. A summary of the articles discussed above regarding the effects of omega-3 PUFAs in cancer

Omega-3 /W= fE H

3¢ AE (K Tm)

and cancer-treatment complications.

Cancer-Related

Authors Complication Species Cancer Type Treatment Scheme Major Outcome
Aromatase-inhibit Decreased pain,
Hershmann et al,, rzgf,c:fég . Human Breast cancer 33 B "FO(560mg  evaluated by the > BPI
2015 [96] arthraleia EPA + DHA; 40:20)  between the baseline and
riralg week 24 (p < 0.01)
. Aromatase-inhibitor Pain reduction in ? BMI >
Shen et al, 2018 . Breast cancer 3.3 g FO (560 mg T e
[97] aaﬁuc:ah:‘fd Human (obese) EPA = DHA; 40:20) 30 kg/m? patients
arthralgia i(p=0.02)
) Py 460 mg EPA +
, Aromatase-inhibitor DHA Decrease of the BPI total
Martinez et al., musculoskeletal
- Human Breast cancer 125 mg score after 30 days
2‘}13 ["J’h] S}’]’.I.'I.'Pt‘.','ln'l.ﬁ hvd trrosol = (.01
(AIMSS) Y Aroxytyroso (p=0.011)
50 g curcumin
Ghroreishietal,, Paclitaxel-induced Huma Breast cance 640 mg FO (54% 70% d;d r;ota{:‘:: \:Elup
2012 [99] neuropathy uman CANCET DHA +10% EPA) nenropaty
no pain score assessed
- ®
Maschio et al., Bortezomib-related Human Multiple Neunrﬂrngﬂédm Pain failed to increase
2018 [100] neurcpathy myeloma mg * mg significantly (p = 0.33)

Freitas et al., 2016
[11]

Ye et al., 2018 [95]

Cyclophosphamide-induced

hemorrhagic
cystitis

Oral and paw
cancer pain

Mice

Mice

Oral squamous
cell carcinoma

ALA)

20% FO-enriched
diet or 1 pmol/kg
Lp.

RvD1 (100 ng or
200 ng) or RvD2
(100 ng or 200 ng)

Lp.

Decrease in spontanecus
pain behavior and
abdominal allodynia
ip < 0.01)

RvD2 inhibited thermal
and mechanical pain;
RvD1 inhibited thermal
pain

1 FO: Fish oil; ? BPI: Brief pain inventory; * BMI: body mass index.

Nutriente 2019 11 945 doi-10 R390/n111 10509045
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Characteristics of the 11 included tials
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Weight loss

befare
Trial Intervention Parameters Outcome treatment I
Barber et al.. 1.09 g EPA/day Appetite, BW, DL KPS, APPR was stable: significant 2.4 Kg/m 20
1999 (1) LBM. REE. TEL OS weight gain at both 3 and 7
wk: dietary intake
increased significantly;
REE/kg and REE/LBM
decreased significantly:
KPS and appetite were
significantly improved at 3
wk
Bauer et al., 1.5 cans BW. DL LBM. QOL Significant improvement in 33Kg/m 200
2005 (3) total dietary intake and
BW over the 4-8 wk; LBM
was stable
Maoses et al.. 1.1 g EPA/day BW. DL LBM. QOL. No change in weight. LBMor  19% 24
2004 (4) REE REE over the 8-wk period
of supplementation;
significant improvement in
QoL
Fearon et al.. 2.2 g EPA/day BW. LBM. QOL Significant weight gain; LBM 3.3 Kg/m 200
2003 (6) gain; significant
improvement in Qol.
Barber et al.. 2g EPA/day + APPR. BW APPR was stable 17.90% 36
1999 (1) 1 g DHA/May
Wigmaore et al.. EPA: 1-6 g/day APPR. BW, KPS.LBM. Stabilization of BW over 3- 2 Kg/m 26
2000 (7) over 4 wk PFAA, TA 12 wk; APPR was stable.
KPS
Barber et al.. 2.2 g EPA/day + BW.IL-6, TNF-w, PIF  Significant decrease mIL-6 2.9 Kg/m 20
2001 (8) 096 g DHA/ay and PIF; significant BW
gain over 3 wk: serum
TNF-r was stable
Wigmaore et al.. 1 g fish oil (EPA 18%. APPR.BW. REE Significant weight gain; REE 2.9 Kg/m 18
1996 (9) DHA 12%) was stable; significant
decrease in APPR
Giovanni Mantovani 2.2 g EPA/day IL-6.LBM.REE.etal. Significant increase in BW =10% 16
et al., 2010 and LBM; significant
decrease in REE/kg and
REE/LBM over 3 wk;
significant increase in
serum insulin
Barber et al., 2000 2 g EPA/day BW. LBM. APPR. APPR and REE were stable 2.9 Kg/m 16
REE/kg. REE/LBM
Zuijdgeest-Vanleeuwen 6 g EPA/day AFPPR, BW, REE Stabilization of BW over 3-  =10% 17

et al.. 2000

12 wk; APPR was stable,
KPS

mass; PFAA = plasma faity acid analysis; QOL = quality i T

liver function tests; REE = resting energy expenditure; PI = proteolysis inducing factor: WL = weight loss.

phasze protein response; BW =hody weight: DI = dietary intake: KPS = Kamofiky performance stams; LEM =
ici i ull blood count, electrolytes, urea, glhicose, and

n-3 PUFAs are effective anticachectic
agents:

1 weight gain

1 dietary intake

1 lean body mass

1 quality of life

| resting energy expenditure

| acute-phase protein response

Nutrition and Cancer, 67(1), 112 - 118
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TABLE 2
Consumption ofan oral nutrition supplement enriched with n-3
PUFAs: Overall survival

n-3PUFA

treatment Control
Trial aroup aroup
Barber et al., 1999 (1) 170 days 63-122 days
Moses et al., 2004 (4) 130 days 128 days
Fearon et al., 2003 142 days 128 days
Barber et al., 2001 (8) 191 days 130 days
Davidson et al., 2004 164-259 days 130 days
Wigmore et al., 2000 (7) 173 days 123 days
Fearon et al., 2006 155 days 130 days

n-3 PFUAs = omega-3 polyunsaturated tatty acids; O8§ = overall survival
defined as the time from enrollment of the n-3PUFA treatment group to death.

Nutrition and Cancer, 67(1), 112 - 118
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J Hum Nutr Diet. 30, 693 - 699 doi: 10.1111/5hn.12474

Table 5
Comparison of red blood cell EPA + DHA (percent of total fatty acids) in vegans and
controls in previous studies.

Population  Vegans Controls Description of controls

British'® 20% (n=22) 64%(n=22) “noton special diets”; matched
on age, sex, height, SES status,
ethnicity

Austrian’ 1.0% (n=37) 22%(n=23) Self-defined omnivore by
questionnaire

Dutch'’ 2.3%(n=12) 45%(n=76) *“adult omnivores”

Finnish'® 3.8% (n=8) 81%(n=11) “normal mixed diet”; controls

reported an average of 2 fish
meals per week
US (present  3.5% (n = 40) 3.5%(n =78) US Soldiers deployed in Iraq"'’
study)

Clinical Nutrition 34 (2015) 212-218
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Randomized Controlled Trial > J Am Diet Assoc. 2008 Jul;108(7):1204-9.
doi: 10.1016/j,jada.2008.04.020.

Algal-oil capsules and cooked salmon: nutritionally
equivalent sources of docosahexaenoic acid

Linda M Arterburn ', Harry A Qken, Eileen Bailey Hall, Jacqueline Hamersley, Connye N
Kuratko, James P Hoffman

Affiliations + expand
PMID: 18589030 DOI: 10.1016/j.jada.2008.04.020

Abstract

Food and nutrition professionals question whether supplement-sourced nutrients appear to be
equivalent to those derived from natural food sources. We compared the nutritional availability of
docosahexaenoic acid (DHA) from algal-oil capsules to that from assayed cooked salmon in 32
healthy men and women, ages 20 to 65 years, in a randomized, open-label, parallel-group study. In
this 2-week study comparing 600 mg DHA/day from algal-oil capsules to that from assayed portions
of cooked salmon, mean change from baseline in plasma phospholipids and erythrocyte DHA levels
was analyzed and DHA levels were compared by Student's t tests. In post-hoc analyses to determine
bioequivalence, least-squares mean ratios of percent change from baseline in plasma phospholipid
and erythrocyte DHA levels were compared. DHA levels increased by approximately 80% in plasma
phospholipids and by approximately 25% in erythrocytes in both groups. Changes in DHA levels in
plasma phospholipids and erythrocytes were similar between groups. As measured by delivery of DHA
to both plasma and erythrocytes, fish and algal-oil capsules were equivalent. Both regimens were
generally well-tolerated. These results indicate that algal-oil DHA capsules and cooked salmon appear
to be bioequivalent in providing DHA to plasma and red blood cells and, accordingly, that algal-oil
DHA capsules represent a safe and convenient source of non-fish-derived DHA.
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ﬁDﬂﬂﬂEE
HiHOmega-
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237ml

23%

1.67(-E/ml 372kcal/tE
FTHEE (45 491500kcal)

EHE21.69/t#
=5. 39?[:/ &H

HF5EMOmega-3 ﬁﬁi_lﬁ

Hi#321g Omega-3 PUFAs
Omega-6: Omega-3 =2:1

; Fiber:3g/can
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*Moreau, J. et al. (2019). Cancer medicine, 8(8), 3677-3684.
**DA SILVA JR. et al. (2019). Nutrition, 60, 48-52.
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74



1238 A FERITE1R

24.08
23 E—
. -
< R S
20
x BIIEH (=12)

* (n=12); p-value, between before and after supplementation.
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