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Outline part 1

What is PBMT?

PBMT for mucositis: update

Safety issues?



Low-level laser

1967
Endre Mester, Budapest
“effects of laser on skin cancer”

Laser 
biostimulation

Hamblin, M. et al. Low-Level Light Therapy: Photobiomodulation. SPIE press, 2018.



Electromagnetic spectrum

Hamblin, M. et al. Low-Level Light Therapy: Photobiomodulation. SPIE press, 2018.



High vs Low-level lasers

High Low
Surgical lasers Medical lasers

Hard lasers Soft lasers

Thermal Energy 1-500 mW

Energy : 3000-10000mW 600-1000 nm light

Hamblin, M. et al. Low-Level Light Therapy: Photobiomodulation. SPIE press, 2018.



Hamblin, M. et al. Low-Level Light Therapy: Photobiomodulation. SPIE press, 2018.
Robijns, J. et al. BELG J MED ONCOL 2017

- Cell  proliferation + migration 
- Production of growth factors +  

cytokines
- Increased tissue oxygenation
- Extracellular matrix deposition 
- Anti-apoptotic + pro-survival 

• Wound healing
• Anti-inflammatory
• Pain reduction

Biological effects



Research 

Since 1967: >400 double blind, RND 
trials
first clin application: wound healing
Experiences from lab and clinic: 

Reduction inflammation
Prevention fibrosis
Reduces pain
Neuroprotective

Bensadoun RJ, Cur Opinion Oncol 2018;30:226-232



Research



Our own experience

LLLT in  breast cancer patients: retrospective analysis

J.Mebis, S. Censabella, A. Maes, L. Noé, P. Bulens. Cancer Res May 1, 2015 75:P5-15-05



Our own experience

LLLT in cancers other than head and neck cancer.

Annals of Oncology (2014) 25 (suppl_4): iv517-iv541. 10.1093/annonc/mdu356



Review 2011

11 RCT

Bjordal JM, Supp Care cancer, 2011



Review 2011

Doses 1-6J
Reduction of OM prevalence, severity, 
duration and pain.

Bjordal JM, Supp Care cancer, 2011



Review 2014

RCT 18

Oberoi S, PLoS ONE9: 2014



Review 2014

Oberoi S, PLoS ONE9: 2014



Review 2014

Oberoi S, PLoS ONE9: 2014



Robijns, Lasers Med Science, 2017; 32:229-242



Guidelines

MASCC/ISOO
Recommendation for prevention of OM in 
HDSCT +- TBI
Recommendation for prevention of OM in 
HeN RT
Recommendation for prevention of OM in 
HeN RT + CT 

ESMO
NCCN



Guidelines

Bensadoun RJ, Cur Opinion Oncol 2018;30:226-232



Safety: in vitro

PBM has been shown to promote cell 
proliferation, angiogenesis, 
analgesia/pain control

Mechanisms: Cytochrome C Oxidase, 
electron transport ATP, NO

growth factors, anti-inflammatory 
cytokines, HSP, MMP, ROS 

Are cell-cultures sufficient?



Safety: in vitro

PBM therapy with visible and near-
infrared sources are safe (non-
genotoxic, non-mutagenic)

PBM treatments have differential effects 
on cells of discrete lineages

PBM treatments evoke different 
responses in normal and cancer stem 
cells



Safety: in vivo

Retrospective analysis of potential stimulation 
of tumor growth by PBM used for 
management of therapy-induced mucositis in 
head and neck cancer patients. 

MT Genot-Klastersky et al. IJB; WALT Congress, 2018



Safety: in vivo

361 pts
139 (39%) without LLLT
222 (62%) with LLLT

Overall survival (OS) is defined as time from diagnosis till date of death. Patients alive at last follow-up are 
censored at the date of last follow-up 232 OS events

There is no statistical evidence for a difference in overall survival between patients with and without low level laser (LLL): 
P-value 0.86 (logrank test).
5-year OS 
•in patients without LLL: 50%
•in patients with LLL: 48%
Hazard ratio (laser vs not): 0.98 (95% CI, 0.75 to 1.27)

courtesy of MT Genot-Klastersky et al. IJB; WALT Congress, 2018



Safety: in vivo

Retrospective analysis, 152 advanced OSCC pts, 
prophylactic OM, 1/2009-12/2014
12,5% St III, 87,5% st IV
34,2% HK ; RT
61,8% CRT
4% ICT; HK+RT 



Safety: in vivo



Safety: in vivo

94 pts with oro, naso and hypopharynxca in phase III 
trial
Evaluation from 2007-2015
CRT (HD CDDP)
LLLT (660nm-100mW-1J-4J/cm2)
Med FU 41,3 months

Antunes et al. Oral Oncology, 71 (2017), 11-15



Antunes et al. Oral Oncology, 71 (2017), 11-15



Antunes et al. Oral Oncology, 71 (2017), 11-15



Newer approaches

Treatment of radiation fibrosis in Head 
and neck cancer patients
Treatment of GVHD 



Conclusion part 1

PBM recommended in OM treatment in 
most guidelines
Safety seems reconfirming in vitro and
in vivo in appropriate doses

Preclinical in-vivo models needed
Short and long term cancer outcomes
Consistency of PBM parameters



Outline part 2

Radiodermatitis

PBMT and radiodermatitis

Previous research

Our own experience

Conclusion

Future perspective 



Acute radiodermatitis (RD)

What? Inflammatory skin reaction at the irradiated area

Wells, M. and S. MacBride, Radiation skin reactions, 2003.
Robijns et al. JEWDS, 2018. 

1

2

Mitotic cell death

DNA damage

3
Ionizing radiation

Radiodermatitis



Acute radiodermatitis (RD)
Patient experience

Pain

Burning sensation

Itching

Prevention & treatment
General skin care advice

Hydrating creams/gels 

Topical steroids 

Wound dressings

• Affects daily activities Quality of life 

• Radiotherapy interruption

• Affects daily activities Quality of life 

• Radiotherapy interruption

Singh, M et al. Am J Clin Dermatol, 2016. 

Radiodermatitis

No consensus on standardised guidelines  No consensus on standardised guidelines  



RTOG 
grade 1

Acute follicular 
erythema / depilation 

/ dry peeling / 
decreased sweating 

RTOG 
grade 2

Bright erythema / 
moist desquamation in 

the skin folds/ 
moderate oedema

RTOG 
grade 3

Confluent moist areas 
of peeling outside the 
folds / pitting oedema

RTOG 
grade 4

Ulceration, bleeding, 
necrosis (rarely seen) 

Cox et.al. Int J Radiat Oncol Biol Phys, 1995

Radiodermatitis

Grading acute RD
Radiotherapy Oncology Group Criteria



Schindl et. al. Photodermatology, photoimmunology & photomedicine, 1999
DeLand et.al. Lasers in Surgery and Medicine, 2007. 

Fife et. al. Dermatol Surg,  2010
Strouthos et. al. Strahlenther Onkol, 2017

Schindl et 
al.(1999)

DeLand et al. 
(2007)

Fife et al. 
(2010) 

Strouthos et al. 
(2017) 

PBMT type
•Wavelength
•Fluence
•Irradiance

Laser diode
•632.8 nm
•30 J/cm2

•3 mW/cm2

LED 
•590 nm
•0.15 J/cm2 

•Not specified

LED 
•590 nm
•0.15 J/cm2 

•Not specified

LED
•660 + 850 nm
•0.15 J/cm2 

•44.6 mW/cm2

Patient type Breast cancer Breast cancer Breast cancer Breast cancer

PBMT set up 3x/week until 
complete healing

Daily, after the RT 
session

Daily, before + after 
the RT session

2x/week starting at 
first day of RT, 
before the RT 
session

Control group / Retrospective Placebo Institutional skin 
care

Results Accelerated wound 
healing 

Significantly reduced 
incidence of RD 
grade ≥ 2 

No significant effects Significantly reduced 
incidence of RD 
grade ≥ 2 

Limited scientific evidence

Previous research

PBMT and acute RD



01

DERMIS trial

PBMT @ Jessahospital

2013-2014

Our own experience



PBMT @ Jessa hospital

Goal
Investigate the efficacy of PBMT in the treatment
of ARD in breast cancer patients undergoing RT

DERMIS trial



PBMT @ Jessa hospital

Study design
Prospective, quasi-experimental study

Patients 
• Breast cancer patients
• Post-lumpectomy
• RT regimen: 25x2Gy (whole breast) + 8x2Gy (boost)
• Jessa Hospital– LOC (Hasselt)

DERMIS trial



PBMT @ Jessa hospital

PBMT

Parameter Laser diode 1 Laser diode 2

Emission mode Pulsed mode Continuous mode

Wavelength 905 nm 808 nm

Dose 4 J/cm2

Treatment area Whole breast, axilla, inframammary fold 

Treatment time 10-15 min. depending on the size of treated area

Pulsed emission at 905 nm

Continuous emissions at 808 nm

DERMIS trial 



Study groups

Outcome measures
• RTOG score
• Time points:

• Fraction 20 RT
• End RT

Control group PBMT group

• 41 patients
• Standard skin care

• 38 patients
• Standard skin care
• PBMT from RT dose 40 Gy 

(2x/week, 6 sessions in total)

Aug 2013 –Nov 2013 Nov 2013 –April 2014

DERMIS trial



Control groupControl group PBMT groupPBMT group

**

*

*p< 0.005; **p<0.001  (chi-square test, two-sided)

Censabella et.al. Support Care Cancer, 2016 

*
00

10

20

30

40

50

60

70

80

90

100

40 Gy 66 Gy (end RT)

%
 p

at
ie

n
ts

5,3

00

2,6

40 Gy 66 Gy (end RT)

PBMT @ Jessahospital

GRADE 2 

GRADE 1 

GRADE 0 

DERMIS trial: skin assessemnt



Our own experience

01

DERMIS trial

2013-2014
02

TRANSDERMIS trial
2015-2017



PBMT @ Jessa hospital

TRANSDERMIS trial

Goal
Investigate the efficacy of PBMT in the prevention
of ARD in breast cancer patients undergoing RT



TRANSDERMIS trial 

Study design
Prospective, randomized placebo-controlled trial

Patients 
• Breast cancer patients
• Post-lumpectomy
• RT regimen: 25x2Gy (whole breast) + 8x2Gy (boost)
• Jessa Hospital– LOC (Hasselt)



PBMT

PBMT @ Jessa hospital

TRANSDERMIS trial

Same parameters as in the DERMIS trial



PBMT @ Jessa hospital

Patient characteristics

• Mean age
• Mean breast volume
• Mean percentage chemotherapy patients
• RT energy

• 6 MV
• 6 + 15 MV

• Type boost
• Photons
• Electrons

65 y
25 cm3

74%

77%
23%

50%
50%

TRANSDERMIS trial

Study groups
Randomisation based on breast volume (small, medium, large)

Control group PBMT group

• 60 patients
• Standard skin care
• Placebo laser from start RT

(2x/week, 14 sessions) 

• 60 patients
• Standard skin care
• PBMT from start RT

(2x/week, 14 sessions)



PBMT @ Jessahospital

Outcome measures

01 Clinical

02 Biophysical

TRANSDERMIS trial 



Start RT RT dose 40 Gy End RT (66 Gy)

Robijns et al. Lasers Surg Med. 2018

RTOG 
criteria
RTOG 

criteria

Time scheduleTime schedule

Quality of life 
(Skindex-16)
Quality of life 
(Skindex-16)

01 Clinical

PBMT @ Jessahospital

TRANSDERMIS trial



40 Gy 66 Gy (end RT)
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Robijns et al. Lasers Surg Med. 2018 

GRADE 2 

GRADE 1 

GRADE 0 

GRADE 3 

Significant less patients with ≥ grade 2 acute RD in PBMT group

Control groupControl group PBMT groupPBMT group

TRANSDERMIS trial: Skin assessment



Robijns et al. Lasers Surg Med. 2018  

PBMT group

40 Gy 66 Gy (End RT)

Emotions
Symptoms

Functioning

Total

Control group

40 Gy 66 Gy (End RT)
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* Significant main time, group and interaction effect (group x time) p<0.05, 2X2 ANOVA

*
*
*

Significant increase in quality of life in PBMT group

PBMT @ Jessahospital

TRANSDERMIS trial: Quality of life

Control groupControl group PBMT groupPBMT group



Baseline RT dose 40 Gy End RT (66 Gy)

PigmentationPigmentation HydrationHydration

Time schedule

Trans epidermal
water loss (TEWL)
Trans epidermal

water loss (TEWL)

control irradiated

02 Biophysical

TRANSDERMIS trial



40 Gy 66 Gy (End RT)
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* P < 0.05; Mann-Whitney U-test, two-tailed 

Robijns et al. Support Care Cancer. 2018

PBMT reduces the degree of pigmentation and improves the skin barrier function

Mean change in erythema (%) Mean change in melanin (%)

Mean change in TEWL (%) Mean change in hydration (%)

PBMT @ Jessahospital

TRANSDERMIS trial: biophysical measures



PBMT @ Jessa hospital

Our own experience

01

DERMIS trial

2013-2014
02

TRANSDERMIS trial
2015-2017

03

DERMISHEAD trial

2016-…



PBMT reduces 
incidence of severe 

acute RD 

Reduced pain + 
discomfort 

during/after RT

Improved 
patient’s quality 

of life

Improved 
patient care

General conclusion

Conclusion part 2



Multicentric trial with 
head and neck cancer 
patients (Jessa – ZOL)Multicentric validation 

trial with breast cancer 
patients (Jessa – ZOL)

Developing standardised
PBMT guidelines

in oncology

Investigating the application of 
PBMT for other indications in 
cancer care

Setting up a clinical laser 
centre @ LOC

Future perspective

Future perspective
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