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Background$!

Breast!cancer!pa+ents!receiving!adjuvant!therapy:!!
cancer5related!fa+gue!prevalence!25599%*!

$
$

Biological$mechanisms$underlying$fa;gue$
during$RT$

$
$

*Andrykowski!MA!et!al,!J!Clin!Oncol!2005*
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Background$!

Bower*JE,*PsychosomaEc*Medicine*2002*
ColladoIHidalgo*A*Clin*Cancer*Research**2006***

$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$Breast$cancer$pa;ents$$
$

!
Increase!of!fa+gue!during!adjuvant!RT!(40!pts)!
no!associa+on!with!anxiety/depression!
and/or!cytokines!levels!(TNF5!,!IL51",!and!IL56)!!
!
No!significant!associa+on!between!
fa+gue!and!biological!disorders!in!302!pts!with!!
breast!cancer!receiving!adjuvant!RT!!
and/or!chemotherapy!
!!
!

Significant!correla+on!between!fa+gue!!
and!high!levels!of!pro5inflammatory!markers!!

(IL51ra,IL56,!and!sTNT5RII)!

Geinitz*et*al.*Int*J*Radiat*Oncol*Biol*Phys*2005*
Noal*et*al.*Int*J*Radiat*Oncol*Biol*Phys*2011*



EndBpoints$!

Prospec+ve!study!–!40!pa+ents!(early5stage!breast!cancer)!!
Preliminary!inves+ga+on,!pa+ents!with!homogeneous!characteris+cs!
!
Primary$hypothesis$:!high5grade!erythema!of!the!breast!skin!during!RT!
!
!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!high!levels!of!serum!pro5inflammatory!cytokines!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!fa+gue!symptoms!
!
!
Secondary$endBpoint:!assess!other!factors!(hormonal!therapy,!breast!volume,!anemia)!

that!may!influence!cytokine5related!biological!mechanisms!leading!to!fa+gue!



Materials$and$Methods!

!!!!!!!!!!!!!!!!!!!!!!Inclusion!criteria!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!age!≤!75!years!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!conserving!surgery!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!early!stage!disease!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!no!nodal!involvement!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!standard!post5opera+ve!radiotherapy!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!no!previous!chemotherapy!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!lack!of!significant!co5morbid!condi+ons!
!
!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!Highly!selected!popula1on!



Materials$and$Methods!

Treatment!–!adjuvant!EBRT:!breast!!+!boost!(Stage!I!pts)!6MV!linear!accelerator!!
RT!schedule:!total!dose!of!50Gy/25!fr!5!5!days!per!week.!
Boost!to!the!tumor!bed:!total!dose!of!10Gy/4!fr!delivered!with!a!direct!electron!field!
!
The!breast!volume!in!cubic!cen+meters!(cc)!was!measured!for!each!pa+ent!
Large!breast!:!volume!≥!1000!cc!
!
Hormonal!therapy!was!administered!to!all!stage!I!pa+ents.!
!
Skin!Erythema!–!graded!according!to!RTOG!scale!
High!grade:!grade!≥!2!
!
!



Materials$and$Methods!

Diagnosis*of*cancerIrelated*faEgue*according*to*the*criteria*described*by*Cella*et*al.*
1.  Significant!fa+gue!experienced!each!day!in!at!least!two!weeks!within!the!preceding!month!!
2.  Significant!distress!or!impairment!of!func+oning!due!to!fa+gue!symptoms!
3.  Clinical!evidence!of!fa+gue!as!a!consequence!of!cancer!or!cancer$therapy$
4.  No!concurrent!diagnosis!of!psychiatric!disorders!(i.e!major!depressive!disorders)!

!
!
Ques1onnaires!–!Anxiety/depression!:!baseline,!weekly,!3!months,!6!months!
!
HADS!!(Hospital!Anxiety!and!Depression!Scale)!!
Total!score!range:!0!–!21!
Significant!clinical!levels!of!anxiety/depression:!total!score!≥!11!
!
!
!

***Zigmond*AS,*et*al.*Acta*Psychiatr*Scand*1983*



Materials$and$Methods!

Ques1onnaires!–!Fa1gue:!baseline,!weekly,!3!months,!6!months!
!
Fa+gue!–!FACT5F!(Func+onal!Assessment!of!Cancer!Therapy!Fa+gue)!subscale!5!component!of!!!
!!!!!!!!!!!!!!!!!FACT5G!quality!of!life!ques+onnaire!
!!!!!!!!!!!!!!!!!13!items!(055!points!for!each!item)!5!total!score!(range:!0552)!–!fa+gue!severity!!!
!
!
Presence!of!fa+gue!:!final!score!<!37!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!fa+gue!symptoms!5!score!<!37!for!two!consecu+ve!weeks!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!no!associated!depression/anxiety!
!

***Cella*et*al.*J*Clin*Oncol*1993,*Cella*et*al.**Oncology*1997**



Materials$and$Methods!

Cytokines!!
!
Blood*samples:*baseline,*weekly*during*treatment,*at*3*months,*and*at*6*months*from*RT*

compleEon!
!
12!inflammatory!cytokines!were!tested!!
IL51α,!IL51β,!IL52,!IL54,!IL56,!IL58,!IL510,!VEGF,!EGF,!TNF5α,!IFN5γ,!MCP51!
!
Simultaneous!and!serial!assessment!of!plasma+c!cytokines:!mul+plex!biochip!array!in!Evidence!

Inves+gator!equipment!(Randox!Labs.!Ltd.!Crumlin,!UK)!
!
!
Control!group:!10!healthy!volunteers!(35566!years!old)!to!define!the!cut5off!value!for!each!cytokine!
!
!



Materials$and$Methods!

Sta1s1cal!analysis!
!
Heckman!two5step!equa+on:!heterogeneity!between!pa+ents!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!other!factors!that!can!increase!cytokines!level!(non!explain!by!skin!erythema)!
!
1.!!!!Markers∗!#$!=!"0!+!"1Erythema#$!+!%#!+!&#$,!
!!!!!!!Markers#$!=!1!←→Markers∗!#$!>!0,!
!!!!!!!%#!∼!'(0,!(2%)!!
!
2.!!!!Fa+gue∗!#$!=!)0!+!)1Breast!Volume!#!+!)2HormoneTherapy#$!+!)3Markers#$!+!)4*#$!+!+#!+!,#$,!
!!!!!!!Fa+gue#$!=!1!←→Fa+gue∗#$!>!0,!
!!!!!!!+#!∼!'(0,!(2+)!
!
!



Results$!

Fa1gue!!D!anxiety/depression!D!erythema!
!
17!(42.5%)!pa+ents!5!fa+gue!symptoms!during!RT!and!follow5up!
!
12$(30%)!pa+ents!5!depression/anxiety!at!baseline!/during!treatment!
!!!!!!!!!!!10!pa+ents!–!fa+gue!
!!!!!!!!!!!!!!
!
7$(17.5%)$pa;ents$–$fa;gue$symptoms$not$associated$to$depression/anxiety$
!
$$$$$$$$$$$Grade$≥$2$erythema$in$5/7$pa;ents$with$fa;gue$symptoms$
!
!
Grade!≥!2!erythema!in!16/40!(38%)!pa+ents!



Results$!
Cytokines!!
!
6/12!cytokines:!significant!differences!between!healthy!donors!and!pretreated!breast!cancer!pa+ents!
!!
IL51",!IL52,!IL56,!TNF5!,!IL58,!and!MCP51:!altered!in!breast!cancer!pa+ents!
!
IL51",!IL52,!IL56,!and!TNF5!!:!significantly!increased!4!weeks!aser!RT!(-!<!0.05,!compared!
to!pretreated!samples)!

!



Results$!

Fa1gue!!over!1me!
!
!
!
!
!
!



Results$!

!!!!!!!!!!!!!!!!Erythema!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!Cytokines!!
!



Results$!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!Erythema!!!!!!!!!!!!!!!!!!!!!!ProDinflammatory!Cytokines!
!
Step!1!of!Heckman!equa+on!
Erythema!significantly!influenced!the!increase!in!pro5inflammatory!cytokines!levels:!IL51β,!IL52,!IL56!

and!TNF5α!(p=0.00001)!
!!
!



Results$!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!Fa1gue!!!!!!!!!!!!!!!!!!!!!ProDinflammatory!Cytokines!
!
Step!2!of!Heckman!equa+on!
Fa+gue!symptoms!were!significantly!influenced!by!increased!blood!levels!of!pro5inflammatory!

cytokines!
!!
!



Conclusions$!

!
$!
Fa+gue!symptoms!!!!!!!!!!!!!!!!!Pro5inflammatory!cytokines!(increase!during!RT)!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!Concurrent!high5grade!breast!skin!erythema!
!
!
High5grade!breast!skin!erythema!during!RT!might!be!responsible!for!biological!mechanisms!of!fa+gue,!
ac+va+ng!serum!pro5inflammatory!cytokine!
!
!
Poten+al!modula+on!of!radia+on!therapy!or!new!drugs!erythema5targeted!can!be!developed!
to!reduce!skin!erythema!intensity!and!fa+gue,!increasing!adherence!to!therapy!and!quality!of!life!
!
!
!
!



Conclusions$!

Next!step!
!

Study!longDterm!fa1gue!
!
!
!
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