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Agenda

* Riesgo de enfermedad neoplasica en trabajadores
del area aeroespacial.

 (Generalidades
* Volver a trabajar — consideraciones laborales




¢ES UN RIESGO REAL?



¢, POr que se considera aumento de riesgos en
esta poblacion?

 Radiacion lonizante

« Campos electromagnéticos

* Inhalacion de gases

« Cambios en la presion de oxigeno y la humedad
* Trastorno del suefio - fatiga




Incidence of Cancer Among Female Flight Attendants:
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Cause-specific mortality in professional flight crew and
air traficc control officers: findings from two UK
population-base cohorts of over 20,000 subjects

 Bajas causas de Mortalidad en general comparada
con la pablacion general.

« Menor mortalidad por neoplasias y enfermedad
cardiovascular.

De Stavola b. et al. Int Arch Occup Environ Health (2012) 85:283




Epidemiological Studies Of Cancer In Aircrew

* Riesgo de enfermedad comparado con la poblacion
general 0,65

* Aumento de 4 a 5 afos en la expectativa de vida

No existe riesgo significativamente diferente de
neoplasias en comparacion con la poblacion
general.

Hammer G, Blettner M, Zeeb H. Radiation Protection Dosimetry (2009): 1
Blettner M. et Al. Int. J. Cancer (2003) 106: 946




Epidemiological Studies Of Cancer In Aircrew

Table 3. Meta-analyses of studies of health outcomes in aircrew members published 1995-2008.

Study Studies referenced Risk measure Population Endpoint Cancer type Risk estimate (95% CI)
Ballard et al.” (12-16,35,41,42,48) RR Male pilots Mortality Meclanoma 11.97 (1.02-3.82)
Mortality  Brain cancer 1.49 (0.89-2.20)
(2000) Incidence 1.74 (0.87-3.30)
Prostate cancer 1.65 (1.19-2.29)
Female flight attendants  Incidence  All cancer 1.29 (0.98-1.70)
Meclanoma 11.54 (0.83-2.87)
Breast cancer 1.35(1.00-1.83)
Buja et al. @ (12,13,26,29,30,32,33,35,36) Random cffects SIR Civil pilots Incidence Mclanoma 2.18 (1.69-2.80)
Military pilots 1.43 (1.09-1.87)
Male cabin attendants 3.42 (1.94-6.06)
(2005) Civil pilots Other skin cancer 1.88 (1.23-2.88)
Military pilots 1.80 (1.25-2.58)

Male cabin attendants 7.46 (3.52-15.89)

Civil pilots Prostate cancer 1.47 (1.06-2.05)
Male cabin attendants Kaposi’s sarcoma 21.5(2.25-205.8)
Male cabin attendants Non-Hodgkin’s lymphoma 2.49 (1.03-6.03)
Megdal et al. © (16,26,30,36,38,42,51) Fixed effects SIR Female flight attendants  Incidence  Breast cancer 1.44 (1.26-1.65)
Buja et al.”® (16,26,30,36,38,42,51) Bayesian hicrarchical — Female flight attendants  Incidence  All cancer 1.11 (0.98-1.25)
2006 model SIR Breast cancer 1.40 (1.19-1.65)
( ) R Meclanoma 2.15(1.56-2.88)
Tokumaru et al.'”  (16,26,30,36,38,42,51) Fixed effects RR Female flight attendants  Incidence  All cancer 1.10 (0.99-1.21)
Breast cancer 1.41 (1.22-1.62)
Mclanoma 2.13(1.58-2.88)
(2006) Lung cancer 0.99 (0.53-1.86)
Leukaemia 1.93 (0.92-4.07)

ClI, confidence interval; RR, relative risk.
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Pero vistos de forma individual hay que tener en
cuenta...

| W 9 N W Y |

BREAS|
ANGER

Tumores de sistema
, Melanoma Cancer de Seno
nervioso central SIR 2.2 SIR 1.4
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The incidence of breast cancer among female flight
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attendants: an updated meta-analysis

Study %
ID SIR (95% CI)  Weight
Pukkala (1995) —.— 1.87(1.14,2.89) 1.26
Lynge (1996) ) P 1.61(0.88,2.71) 1.15
Wartenberg and Stapleton (1998) — 2.00 (1.00,4.30) 035
Rafnsson (2001) — 1.45 (0.95,2.13) 2.77
Haldorsen (2001) -.- 1.12(0.79, 1.53) 7.04
Reynolds (2002) -.- 1.42(1.09, 1.83) 7.04
Linnersj? (2003) e 1.30(0.85, 1.74) 4.87
Pukkala (2012) - 1.50(1.32, 1.69) 28.18
Silva (2013) e — 1.13(0.52,2.15) 1.45
Schubauer-Berigan (2015) - 1.37 (1.23, 1.52) 45.87
Overall (I-squared = 0.0%, p = 0.744) Q 1.40 (1.30, 1.50)  100.00
NOTE: Weights are from random effects analysis
0 43

Incremento del riesgo estipulad.o en 14

Liu T, Zhang C, and Liu C, Journal of Travel Medicine (2016): 1



Cancer de seno

Pros cons

Historia familiar
Edad del primer embarazo
* No hay aumento en la « Numero de embarazos

mortalldaq. Blusqueda activa
* Mas relacionados con Uso de alcohol

supresion del suefio.

» Solo 10% explicaria estos
hallazgos.
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Verdial F, et al. J Surg Oncol. (2017), 115(5): 517



The risk of melanoma in Airline Pilots and cabin
crew: A meta-analysis

[a] study ES (95% C1) Weight, %
Pilots
Band et al,** 1990 1.96 (0.50-7.68) _ 2.32
Stud Band et al,* 1996 1,52 (0.76-3.04) —— 619 9t %
Pilo dos Santos Silva et al,*6 2013 1.87(1.45-2.41) - 12.41
Ba Garland et al,37 1990 3.20 (1.00-10.24) m 301 5.67
Bl Grayson and Lyons,*® 1996 1.50 (1.00-2.25) - 10.00 359
De Gundestrup and Storm, 2 1999 2.40 (1.30-4.43) & .08 g oe
Haldorsen et al, > 2000 1.80(1.10-2.95) —-— 868
In Hammar et al, ?* 2002 1.56 (0.95-2.56) —=— g6y 65
_Su Nicholas et al, %0 2001 3.47 (2.85-4.22) - 13.24 1199
Cab Perez-Gomez et al, ! 2004 1.76 (0.35-8.85) — - 1.73
Pii Rafnsson et al,’” 2000 10.20 (3.29-31.62) , —— 315 1771
7e Vigers et al, 4 1990 2.73(1.18-6.32) — 487 9130
Subtotal 12=68.6% (P=.001) 2.22(1.67-2.93) < 81.31
Su : ; 18.01
 — Cabin crew '
Ove Pukkala et al,1¢ 2012 2.03 (1.60-2.58) - 1266 1000
Reynolds et al,** 2002 2.70(1.33-5.48) —— 6.03
Subtotal 12=0% (P=.45) 2.09 (1.67-2.62) < 18.69
Overall 12=64.6% (P<.001) 2.21(1.76-2.77) < 100.00
0.0316 1 316
SIR
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Sanlorenzo M, et al. JAMA dermatol. (2015),151(1): 51



Melanoma

Pros Cons
 Tiempo de exposicion  No se habla de fenotipos
» Consistente en los cutaneos
estudios  Estudios Europa del norte
* 15% aumento en « Variabilidad de factores
exposicion por cada 1000 adicionales
mts. » Tipo de melanoma

Melanoma de diseminacion superficial: Exposicion aguda-intermitente (70%)
Melanoma tipo Lentigo Maligno: exposicion cronica al sol

Melanoma nodular: Areas expuestas

Melanoma acral lentiginoso: Areas no expuestas

K2 Sanlorenzo M, et al. JAMA dermatol. (2015),151(1): 51

ongreso Internacional
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Sistema Nervioso Central

Pros

« Siempre la misma
histologia

cons

* No hay relacion con el
tiempo de exposicion.

* No hay factor de riesgo
identificable

 Estudios heterogeneos




ALGUNAS GENERALIDADES



Factores desencadenantes

Sustaining Evading
proliferative growth
signaling suppressors

Deregulating Avoiding

cellular immune
energetics destruction
o SN
o

Resisting
cell

Enabling
replicative

death immortality
Genome Tumo_r-
instability & . promothg
mutation inflammation
Inducing Activating
angiogenesis invasion &
metastasis
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Age standardized (World) incidence rates, all cancers, by sex
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International Agency for Research on Cancer

L ) World Health
-+

¥ J Organization

All cancers

Source: Globocan 2018

Number of new cases in 2018, both sexes, all ages

Lung
2093 876 (11.6%)

Breast
2088 849 (11.6%)

Other cancers
7 753 946 (42.9%) Colorectum
1849518 (10.2%)

Prostate

1276 106 (7.1%)
Cervix uteri Stomach
569 847 (3.2%) 1033 701 (5.7%)

Oesophagus Liver
572 034 (3.2%) 841 080 (4.7%)

Total: 18 078 957 cases
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Number of deaths in 2018, both sexes, all ages

Lung
1761 007 (18.4%)

Other cancers

3422 417 (35.8%)
Colorectum
880 792 (9.2%)
Prostate Stomach
358 989 (3.8%) 782 685 (8.2%)
Pancreas Liver
432 242 (4.5%) 781 631 (8.2%)
Oesophagus Breast
508 585 (5.3%) 626 679 (6.6%)

Total: 9 555 027 deaths



Hechos en Cancer

* 13% de todas las muertes

* 45% de incremento entre 2008 a 2030 (40% paises
desarrollados y 80% en desarrollo)

» 30% todos los tumores se puede controlar con
cambios a habitos saludables

* Muerte prevenible: 1.5 millones ligadas a cancery
tabaco




El Cancer se ha redefinido en los ultimos 20 afnos

NSCLC

Breast
Cancer

Colorectal
Cancer

Melanoma

Prostate
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1996 2006

= Non Segmented Lung Cancer ™ EGFR " ALK

HR +ve = HR-ve

® HR -ve, Premenopausal » HR-, Premenopausal

u TNBC, Premenopausal = TNBC, Postmenopausal

u HER2- HR+, Postmenopausal ® HER2+ HR-, Premenopausal
HER2+HR+, Premenopausal ® HER+ HR+, Postmenopausal

b

® Non Segmented CRC u KRAS-WT

® Non Segmented Melanoma » Melanoma BRAF-Mu

® Unsegmented Prostate Cancer m BRCA®

» Squamous

2016

e

= ROS = BRAF PD-1+
b

¥ HR +ve, Premenopausal

m HR-, Postmenopausal
HER2- HR+, Premenopausal
HER2+ HR-, Postmenopausal

A

KRAS-MUT  m BRAF MSI-H Other

= Melanoma BRAF-WT " NRAS

Global Oncology Trends 2017: Advances, Complexity, and Cost. QuintilesIMS Institute. June 2017.



Nuevos tratamientos y paradigmas de los estudios

a
>
Drugs

Which patients respond best?

\

(

Current
and future
— .
=
>

Determine molecular profile Determine which drugs

of the patient’s tumour are most appropriate
b - —_—

Predictive
biomarkers

\

Other \
molecular [

— Intermediate

\ Toxicity end-point biomarkers
\MTD biomarkers

Past Current and future
Cytotoxic chemotherapies Molecular targeted therapies

Nature Reviews | Cancer

(@) 2 :
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Cambﬁos en !os perfiles de toxicidad...

Grade
80 - EXTREME 1-2 3-5
75 1 Any grade 58.3% 96.9% B 7
70 - /
Grade 3-5 16.7% 69.0%
65 - )
60 Led to death 1.0%# 2.8% EXTREME B 7
°\°_ gg ] Led to discontinuation 4.7% 19.9%
[]
45
§ 40
5 35
G 30
£

25 EXTREME 12 35
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Grade 3-5 6.7% 10.5% p
20 7
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o 15
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Cambios en la sobrevida global...

Events HR (95% Cl) P

100 Inmunoterapia 70% 0.77 0.0034
: - , 0.63-0.93)
90 1 i 12-mo rate Quimioterapia 80% (
804 $53.0%
1 43.9% 24-mo rate
701 ; 29.0%

2 60- : 18.7%

B 1 D I -eemeeeee-—- Median (95% Cl)

O 40+ 13.0 mo (10.9-14.7)
30 § RL . 10.7 mo (9.3-11.7)
204
10 : L'_""'_| .

0 ] I . 1 1 ) ] ) |}
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The NEW ENGLAND JOURNAL of MEDICINE

820 THE NEW ENGLAND JOURNAL OF MEDICINE March 24, 1994 “ ORTGINAL ARTICLE ”

INTERFERON ALFA-2a AS COMPARED WITH CONVENTIONAL CHEMOTHERAPY FOR THE Imatinib Compared with Interferon
TREATMENT OF CHRONIC MYELOID LEUKEMIA and Low-Dose Cytarabine for Newly Diagnosed
THE ITALIAN COOPERATIVE STUDY GROUP ON CHRONIC MYELOID LEUKEMIA* Chronic-Phase Chronic Myeloid Leukemia

No. of
No. of No. of Patients with  10-Yr Survival
Patients Deaths Censored Data % (95% Cl)
Imatinib 553 89 464 83.3 (80.1-86.6)
Interferon alfa + cytarabine 553 105 448 78.8 (75.0-82.5)
100
— 90+ Imatinib
P 30 T
;; z 704 Interferon alfa + cytarabine
S 404 A 5l
w 1 Chemotherapy g 50
30_, (n = 104) g 404
20+ £
1 . ~ 0-| N ~
104  Sobrevida 6 afios 50% vs 28% 1 Sobrevida 10 afios 83%
10-
0 v T v T v T v T v T v 1 0 T T T T T T T T T T T 1
0 12 24 36 48 60 72 0 12 24 36 43 60 72 84 9% 108 120 132 144
Months since Randomization
Months after Randomization No. at Risk
Imatinib 553 542 492 461 430 368 250 0
) Interferon alfa + cytarabine 553 512 441 388 358 299 199 0
Figure 1. Survival of Patients with CML Treated with Interferon No. of CEN S— - = = - —
A"a.za or COﬂVBﬂtiOﬂ&' Chemotherapy (Hydroxyuu’ea or Interferon alfa + cytarabine 0 12 52 73 83 96 104 105
Busulfan).

Baccaranni M, et al. N Engl J Med (1994)
B Hochhaus A, et al. N Engl J Med (2017)
de MEDICINA AEROESPACAL || ‘ OBrien S, et al. N Engl J Med (2003)




REACTIVACION LABORAL



Predictors of Return to Work in Cancer
Survivors in the Royal Air Force

 (Caracteristicas de los pacientes:
— Jovenes saludables

— Chequean constantemente 5o 2 e oacidad: 107

— No fuman (75%) G meses 54%

— Buen pronostico (57%) Modaldad de tratamiento

— Quimioterapia (27%) PronGstico bueno Sy sobrevida >70%
— Hombres (90%)

Murray K et al. Occup Rehabil (2015) 25:153-159




Incapacidad laboral

nfermedad crénica

Tratamiento agudo ica




Incapacidad laboral

Enfermedad cronica
Enferr

Angx/émicas

Tratamiento agudo ratamiento cronica




Incapacidad laboral

-

Diagnostico nuevo de enfermedad oncologica 95% de
las veces requiere de una intervencion inmediata.

Enfer

Trat
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Incapacidad laboral

Enfermedad cronica




e T AR MIE-

JOURNAL o MEDICINE 10,3m
ESTABLISHED IN 1812 NOVEMBER 10, 2016 VOL.375 NO.19 O R 2 7’ 8% 44, 8%

Pembrolizumab versus Chemotherapy for PD-L1-Positive
Non-Small-Cell Lung Cancer

100- 100+ .
Hazard ratio for disease progression or death, m SO b revi d d 3 O VS 14 meses
90 0.50 (95% Cl, 0.37-0.68) 90+
P<0.001

80 804
&
g 701 g 70+ Pemnbrolizumab
3 60+ 3 60
8 s0- z Chemotherapy
“ - 50 :
§ 40+ Pembrolizumab =
g $ 404

30+ 3
g 30 Hazard ratio for death, 0.60 (95% Cl, 0.41-0.89)

20+ P=0.005

20
10 Chemotherapy
0 T T T T T 1 10—
0 3 6 9 12 15 18
0 T T T T T T 1
Month 0 3 6 9 12 15 18 21

Month

Reck M, et al. KEYNOTE-024. NEJM (2016)
Brahmer J.et al. J Thorac Oncol (2017) OA 17.06
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Federal Aviation
Administration

Mayoria de diagndsticos oncoldgicos son condiciones que descalifican

Enfermedad Oncoldgica Observaciones Tiempo para aplicar a

recertificacion de actividades de
vuelo

Cancer de piel no melanoma  completamente resecados Reincorporacion inmediata
(localizado), cancer melanoma Reporte en control regu'ar

superficial
cancer de prostata estadio Valoracién medicina Reincorporacién inmediata
temprano, polipos en colon aeroespacial

con adenocarcinoma in-situ

Otras neoplasias sin reseccion del tumor, 1 afo
enfermedad metastasica completar terapia
adicionales (radioterapia /
guimioterapia) ausencia de
enfermedad metastasica.

2 [ .
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Enfermedad Oncolégica Observaciones Tiempo para aplicar a

recertificacion de actividades

de vuelo
Enfermedad metastasica reseccion del tumor 3 afos
fuera del sistema nervioso  (opcional), completar terapia
central adicionales (radioterapia /

guimioterapia

Enfermedad metastasica completar terapia adicionales 5 anos
en sistema nervioso (radioterapia / quimioterapia)
Otros Tumores con alto riesgo de

compromiso de sistema
nervioso central como cancer
de seno, cancer de pulmoény
melanoma requieren de
planes de seguimiento
adicionales (convulsiones o
disfuncién cognitiva)

2 [ .
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Puntos criticos

 Eventos que generen pérdida subita del estado de
conciencia / control.

— Enfermedad primaria del sistema nervioso
central

— Metastasis a sistema nervioso central
— Enfermedad cardiovascular severa




Radiation-induced carotid artery stenosis
& risk cerebrovascular events

28% estenosis superior al 30%

13% estenosis critica (>70%)

Grosor intima (ACC) : Tiempo RT
Eventos cerebrovasculares:

— Luego de 10 afos

—>065 afnos SEER 34% RT vs 25% Cx.

Yongjun Cao, Jiaping Xu. Intervent Neurol 2013;2:183.
Smith GL, et al. J Clin Oncol 2008;26:5119.




Seguimiento

 Eco doppler carotideo anual desde el tercer afno
lJuego de terminada la RT

* Control de factores de riesgo controlable

Halak M, et al. Eur J Vasc Endovasc Surg 2002;23:299.




Long-Term Cardiovascular Risk After Radiotherapy

§ Radiation

* Riesgo de enfermedad
coronaria (5y)

* Riesgo de muerte de
origen cardiaco (10y)
Activation of NF-kB
14 N

¢ Re e Ste n O S I S Inflammatory cytokines Adhesion molecules
N 4

Inflammatory cell recruitment and foam
cell formation

Oxidative stress

Yun-Jiu Cheng, et al.J Am Heart Assoc. 2017 May; 6(5): e005633. Published
online 2017 May 21.




Epilepsia y tumores cerebrales

« Tumores primarios de sistema nervioso central
— bajo grado
 3/4 convulsionar
* 3/4 lesiones en region temporal
— 50% epilepsias refractarias
 Tumores de alto grado 40-45% (crisis generalizadas)
 Meningiomas 26%
* Metastasis: 30% pulmon, 67% melanoma




Consideraciones

* Origen del tumor
 Estadio

» Tratamiento

» Secuelas

"Mayoria de diagnosticos oncologicos
son condiciones que deben ser
evaluadas caso a caso’




PREVENCION




Prevencion primaria y diagnostico temprano

* Citologia cervical / Vacunacion VPH
Ejercicio
Salud del suefio (Dr. F. Escobar)
Evitar Tabaco / Dieta

* Mamografia

 Colonoscopia/Endoscopia

* Cancer de pulmon (Tamizacion)

* Prostata




Association of Leisure-Time Physical Activity
With Risk of 26 Types of Cancer in 1.44 Million Adults

Studies,  Cases, P Value
H R Cancer No. No. HR (95% Cl) : Trend Heterogeneity?

=  Esophageal adenocarcinoma 5 899  0.58(0.37-0.89) —_— | .01 01

Gallbladder 6 382 0.72(0.51-1.01) . 06 .29

— | jver 10 1384 0.73(0.55-0.98) - .04 02

0.74 = lung 12 19133 0.74(0.71-0.77) o <001 .47
—  Kidney 11 4548 0.77(0.70-0.85) —— <001 .40

small intestine 7 503 0.78(0.60-1.00) .- 05 85

—  Gastric cardia 6 790 0.78(0.64-0.95) —— | 02 99
m—  Endometrial 9 5346  0.79 (0.68-0.92) - | 003 001

Esophageal squamous 6 442 0.80 (0.61-1.06) —-— 12 .78

—3 Myeloid leukemia 10 1692  0.80(0.70-0.92) —— 002 78

—_— Myeloma 9 2161  0.83(0.72-0.95) + 008 36

0.84 — Colon 12 14160  0.84(0.77-0.91) - <001 .01
—_— Head and neck 11 3985  0.85(0.78-0.93) —— <001 45

3 Rectum 12 5531  0.87 (0.80-0.95) - | 001 38

0.90 5  Bladder 12 9073 0.87 (0.82-0.92) - | <001 84
: — Breast 10 35178 0.90(0.87-0.93) = <001 .30
Non-Hodgkin lymphoma 11 6953  0.91(0.83-1.00) —-— .05 .18

Thyroid 11 1829 0.92(0.81-1.06) —a— 26 48

Gastric noncardia 7 1428  0.93(0.73-1.19) -t .56 .09

Soft tissue 10 851  0.94(0.67-1.31) —_— 70 03

Pancreas 10 4186 0.95(0.83-1.08) . 40 14

Lymphocytic leukemia 10 2160 0.98(0.87-1.11) + 73 99

Ovary 9 2880  1.01(0.91-1.13) . 81 98

Brain 10 2110 1.06(0.93-1.20) —- 41 43

Prostate 7 46890  1.05(1.03-1.08) - <001 .90

Malignant melanoma 12 12438 1.27 (1.16-1.40) i —=— <001 .02

03 T e 1.5

Hazard Ratio (95% Cl)
(@) < :

I Moore S, et al. JAMA Intern Med (2016) E2
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Efecto del suefio sobre los perfiles genéticos en
cancer de mama

Average OnCOtYpe score by Sleep The Recurrence Score result reflects an individual’s unique tumor biology
1 50%
A" Patients LOW RISK INTERMEDIATE RISK HIGH RISK
o Growp Average: T% Group Average: 14% Group Average: 31% i
— 40 95% C1: 4%-10° 95% Ct: 8%-20% 95% Ct 24%-3T" H
p fOf tfend-0.00 02 40% i High Recurrence Score disease:

Rate of distant recurrence at 10 years

hoursof sleep <=6 6 <hours of sleep <=7 7 < hours of sleep s e
N=23 N=36 N=42

S Cheryl L, et al. Breast Cancer Res Treat (2012) 134:1291




Prevencion primaria

* vacunacion contra VPH y tamizacion pueden
disminuir la incidencia de 530.000 nuevos casos de
cancer de cervix

* vacunacion virus de hep B

 Curacion: tratamiento adecuado y diagnostico
temprano (seno, cervix, colorectal, oral )
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