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ABSTRACT

Oligom etastases Fom solid tumors are currently recognized 2 a distinet dinical entity, corresponding to an inter-
mediate state between local and widespread disease. Tt has been suggested that local ablative theraples (incduding
surgery, radiofequency abltion and mdition therapy) play an important role in this setting, in combination or
not with systemic therapies, particulady in delaying disease progression and hopefully in increasing the median sur-
vival time. Stereotactic body radiation therapy (SBRT) rapidly emenged in recent years a8 one of the most efective
and less tomc local treatment modalities for hung, liver, adremal, brain and bone metastases The am of tis review
was to focus on its dinical role for oligometastatic disease in four major cancer subtypes: lung, breast, colorectal
and prostate. On the basis of the avallable evidence, SBRT & able to provide high mtes of local tumor control
without signibcant toxcity. Iis global impact on survival is uncertain; however, in specihe subpopulsions of oligo-
metastatic patients there is a trend towards a signihcant improvement in progression-free and overall survival rates;
these important data might be wsed as a plitformn for dindcal decsion-making and establish the basis for the
current and future prospective tials investigating its role with or without systemuic treatments.
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Fig. 1. Metastatic sites treatable with stereotactic radiotherapy. I FUTURE PERSPECTIVES I




SBRT FOR OLIGOMETASTATIC BREAST
CANCER

. . 2. Hellman 5. Natural hist f small breast cers. | Clin Oncol
Breast cancer is probably the first model used to illustrate the natural N ory of small breast cancers. J Clin One

1994;12:2270_34,
history of solid tumors, and the mechanisms underlying the meta-
static spread [2]. Therefore, it_is also one of the cancer subtypes
where the hypothesis of oligometastases was first formulated, and it 7. Salama JK, Chmura AJ. The role of surgery and ablative radiother-
served as a model to illustrate the rationale for the use oflocal therap- apy in oligometastatic breast cancer. Semin Oncol 2014;41:790-7.

ies to a few metastatic sites, in combination with systemic agents [7].

34. Milano MT, Katz AW, Muhs Al, et al. A prospective pilot study
of curative-intent stereotactic body radiation therapy in patients

Very few studies have been published on the use of SBRT with 5 or fewer oligometastatic lesions. Cancer 2007;112:650-8.

for oligometastatic breast cancer patients. The University of Roches 35. Milano MT, Zhang H, Metclfe SK, et al. Oligometastatic breast

cer treated with curative intent stereotactic body radiat
ter researchers pul:ﬂ.ish&d seminal and most relevant data r&garding ::'H 3 i;l L:ﬁ ;E :1;; 11?211-3L vr on
I:'H.P'j.". = dncer Fédl H E .

the wse of SBRT jnn]igum&l:utatiu breast cancer [34—3'6] 36, Milano MT, Katz AW, ’Z.h,ang H, et al D]igum&tastas& treated
with stereotactic body radiotherapy: long-term follow-up of pro-

spective study. Int | Radiat Oncol Biol Phys 2011;83:878-86.
As for other oligometastatic tumors, the identifi-

4:;.1r_mr1 of favo ra}:fle," u@nrﬁl& prognostic groups r&nulm challen- 38 Abbott Dﬁ, Brouquet A, _— EA,' L Rection ot
Bng. From 5"“5“:31 series, known favorable prognostic factors are liver metastases from breast cancer: estrogen receptor status and

estrogen-receptor positivity, response to systemic therapies, fewer and response to chemotherapy before metastasectomy define outcome.

smaller metastases and longer disease-free interval [38]. Patients Surgery 2012;151:710-16.

receiving ablative radiotherapy for bone-only metastases, single 35 Milano MT, Zhang H, Metcalfe SK, et al. Oligometastatic breast

metastases and stable or responding metastases have shown improved cancer treated with curative intent stereotactic body radiation

outcomes [33]. therapy. Breagt Cancer Res Treat 2009;115:601-8.




SBRT FOR OLIGOMETASTATIC BREAST
CANCER

Table 2. Studies investigating the use of SBRT in oligometastatic breast and colorectal cancer

Study Patients Hligibility criteria Study design Site of metastases Therapy Median  Median PFS Median OS Other therapy ( percentage)
follow-up  (months) ( months)
{months)
Breast cancer
Milano et al [35] 40 <5 extracranial metastases  subgroup analysis  liver, lung, lymph  SBERT  NR 23 not reached adjuvant chemotherapy/
of a prospective nodes, bone hormonal therapy (80%)
Phase ITtrial

Colorectal cancer

4 year OS rate: 59%, 4year PFS rate: 38%, local control almost 90%

*Local control rates were compared with metastases from other origins and primary lung cancer, with statistically significant inferiority (P<0.05). SES = gereotactic mdiosurgery, SBRT =stereotactic body radiation therapy,
PFS = progression-free survival, 05 = overall surdval, LC =locl contral, A = not applicable, NE = not reported
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STUDI CLINICI IN CORSO:

NRG BR0O01-NCT02206334 (fase |) studio di dose-escalation (mammella,
polmone, prostata (2-5 metastasi)

SABR- COMET- NCT01446744 (fase Il) : SBRT + terapia sistemica vs terapia
sistemica +/- RT

NRGBRO002 -NCT02364557: (fase Il/lll) cr mammella con malattia
oligometastatica “standard of care” vs “standard of care” + SBRT o
chirurgia
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REVIEW

Stereotactic body radiotherapy for oligometastatic breast cancer:|a new standard of

care, or a medical reversal in waiting?

Michael W. Drazer’, Joseph K. Salama®, Olwen M. Hahn®, Ralph R. Weichselbaum® and Steven J. Chmura®
*Section of Hematology/Oncology, The University of Chicago, Chicago, IL, USA; "Department of Radiation Oncology, Duke University, Durham, NC,

USA; ‘Department of Radiation and Cellular Oncology, The University of Chicago, Chicago, IL, USA

ABSTRACT
Metastases-directed therapy via surgery or stereotactic body radiotherapy (SBRT) has become the de
facto standard of care in the United States and abroad despite a lack of high quality prospective,
randomized trials. Ofigometastatic tumors may behave in an inherently more indolent manner second-
ary to underlying biologic characteristics, including discrepant microRNA expression pattems. This
biologic discrepancy suggests that historic improvements in survival observed in retrospective series
may stem from the inherent biology of oligometastases and selection biases as opposed to adivances in
novel localized treatments. In this review, we discuss the theoretical basis for metastases-directed
therapies, retrospective data supporting these approaches, recent advances in oligometastasis biology,
and ongoing prospective randomized trials designed to compare SBRT and standard of care systemic
therapies. We focus on metastases-directed therapy, primarily SBRT, for oligometastatic breast cancer
with references to other tumor types when these other tumor types inform oligometastatic breast
cancer treatment.
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care [36,37]

A 'medical reversal’, as described by Prasad et al, is an
accepted medical practice, often widely adopted, that is later
found to be no better or worse than a previous standard of
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12. Hellman S, Weichselbaum RR. Oligometastases. J Clin Oncol.
1995;13(1):8-10.
+ This seminal paper by Hellman and Weichselbaum introduced
the concept of “oligometastases” in 1995.
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Figure 1. Number of publications, by year, with “oligometastasis”, “oligometastases”, or “oligometastatic” in title.

Table 1. Proportions of patients that presented with oligometastases in randomized trials for first-line stage IV breast cancer.

<2 <4
ER/PR  HER2 (+) metastases metastases
Study/Author Year n (+)(% (%) (%) (%) Arms PFS {months)
Sledge/E1193 2003 739 45 NA 49 NA 1. Doxorubicin 2. Paclitaxel 3. 1. 6.0 (time to failure)
Doxorubicin + Paclitaxel 2.633.82
Albain 2008 599 32 NA 57 9 1. Gemcitabine + Paclitaxel 2. Paclitaxel 1.992 84
Bergh 2012 593 72 100 52 NA 1. Sunitinib + Docetaxel 2. Docetaxel 1.86283
Gianni/AVEREL 2013 424 5 100 50 NA 1. Docetaxel + Trastuzumab 2. 1.13.7 2.16.5
Docetaxel + Trastuzumab + Bevacizumab
Hurvitz 2013 137 M 100 493 NA 1. Docetaxel + Trastuzumab 2. T-DM1 1,922 142
Tawfik 2013 30 77 0 50 NA 1, Vinorelbine + capecitabine 8,6 {time to failure)

ER: estrogen receptor; PR: progesterone receptor; HER2: human epidermal growth factor receptor 2; PFS: progression-free survival; T-DM1: trastuzumab emtansine,



Five-year view

STUDI CLINICI IN CORSO:

SABR- COMET- NCT01446744: SBRT + terapia sistemica vs terapia
sistemica +/- RT

NRGBRO002 -NCT02364557: (fase Il/lll) cr mammella con malattia
oligometastatica “standard of care” vs “standard of care” + SBRT o
chirurgia

CORE trial (fase Il) cr mammella, prostata, NSCLC fino a 3 metastasi
extracraniche “standard of care” vs “standard of care” + SBRT
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Key issues

substantial proportion of breast cancer patients recur in
an oligometastatic manner, i.e.,, with a limited number (<5)
of metastases in one or two organs.
etrospective series demonstrate benefits in progression-
free and overall survival for patients with oligometastases
who are treated with metastases-directed therapies (surgi-
cal metastasectomy or SBRT).
he majority of radiation oncologists worldwide are utiliz-
ing SBRT for the treatment of oligometastases.
e Surgical metastasectomy has been employed for many
decades.
e The utilization of metastases-directed therapy has dramati-
cally increased despite a lack of high quality prospective

evidence supporting these practices.

e Advances in cancer biology have demonstrated
that discrepant microRNA expression patterns may account
for the more indolent behavior of some oligometastases.

e Retrospective, uncontrolled case series demonstrating sur-
vival benefits of metastases-directed therapy may suffer
from selection biases.

e SBRT and surgical metastasectomy carry unique, but sub-
stantial, risks for patient morbidity and mortality.

e The rise of metastases-directed therapies despite a lack of
high quality prospective evidence increases the risk for
future medical reversal,

rospective, randomized clinical trials comparing SBRT plus
standard of care systemic therapies against standard of care
systemic therapies alone are open and accruing patients.
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Management of|breast cancer brain metastases:; A practical review @Cmm

Claire Phillips > *, Rosalind Jeffree °, Mustafa Khasraw
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ARTICLE INFO ABSTRACT
Article Fastory: Brain metastases are a common, and frequently challenging, clinical problem in the contemporany
Received 19 April 2016 management of metastatic breast cancer, While the management of extracranial metastatic breast cancer

Feceived in revised form
7 October 2016
Accepted 10 Odober 2016

is now strongly defined by tumour phenotype, this approach is not so well defined for brain metastases.
We review available evidence reganding management of brain metastases, including the limited breast-

cancer-specific data. A fmmework for management according to breast cancer phenotype is proposed.
Crown Copyright © 2016 Published by Elsevier Ltd. All ights reserved.




Mrognostic factors

Table 1a
Prognosis scores indicated by the Radiation Therapy Oncology Group (RTOG) Breast
Cancer Graded Prognostic Analysis and the MD Anderson Cancer Centre { MDACC)
miodification”.

SC00E

i 0.5 L L5 20

Graded Prognostic Assessment

KF5 <50 (1] 0=80 90100

Phoerso by pee THBC HE + BC HER2HM HEF2ZHF
C | yCdln) =Bl <l

MDACC revalidation of RTOG Graded Prognostic Analysis

KF5 <50 (1] 0=80 90100

Phoerso by e THBC HE + BC HEF2HMN HERZ2HFP

Age | Years) =2l =5l

Mumibser =3 1=3

RETOG = Radiation Therapy Onoology Group: KPS = Karnofsky performance status;
MDACC = MD Anderson Cancer Centre, HERZHN = HERZ-positive, hormome-
negative; HERZHF = HERZ-positive, hormone-positive.

* Adapted from Refs. [4.5].

Prognosi
peggiore:
lesioni di
dimensioni
elevate e
lesioni
localizzate nel
tronco

J
dell’encefalo

Table 1b
Radiation Therapy Oncology Group (RTOG) Breast Cancer Graded Prognostic Analysis and MD Anderson Cancer Centre (MDACC) modification scores and overall
survival,

RTOG score Overall survival (months) MDACC score Overall survival (months)

0=1.0 34 0=1.0 16

1L.3=30 i 1.5=320 92

2530 151 25=30 2.9

15-4.0 253 31540 288

* Adapted from Refs. [4,5]



Typical disease pattern by phenotype

Prognosi peggiore

Triple-negative breast cancer { TNBC)

HERZ2-positive disease (HERZBC)

Hormone-positive, HER2-negative disease (HR + BC)

Prognosi migliore

Risk of micrometastatic BM

The risk of occult EM relative to lesion number and by pheno-
type is unknown. A retrospective review of cases treated with

radiosurgery without WBRI In_one_institution found that the 12- [17] Vern-Gross TZ, Lawrence JA, Case LD, McMullen KP, Bourland |0, Metheny-

month rate of failure in the brain (distant from sites of radio- Barlow L), et al. Breast cancer subtype affects patterns of failure of brain

surgery) was highest in TNBC (79%), intermediate for HR + BC mﬂ%}g;f_éwﬁ"ﬂ ]‘;;Eh_uﬁﬁgﬁf radiosurgery. | Neurooncol
" 8 | =

(~47%) and least for HER2BC (36%). The rate of failure by lesion

"~ number, extracranial disease status and use of systemic therapies
was not reported [17].



‘m.railahle therapies for brain metastases

Whole-brain radiotherapy (WBRT) Stereotactic radiosurgery (SRS) Neurosurgery Systemic therapy
2
Summary of results of phase 11 studies for brain metastases,
Whole Brain radiotherapy

Palbates multiple brain metastases

Improves median survival ompared with best supportive care
Reduces local and distant brain faillure (DEF) after NS or SRS

Does not improve overall survival compared with NS or SRS alone

Does not improve and may worsen quality of life after NS of SRS

Radiosurgery

Improves overall survival when added to WERT

Does not improve overall survival when added to WBRT,

May improve survival in good PS patients (post hoc analysis that
excluded breast cancer) [46]

MNeurosurgery

Improves median survival when added to WBRT

20 Gy in 10 fractons and 30Gy in 10 fractions are standard of care [1940],

Mo survival or palliative benefit from different dose frachonation schedules [19].
May not do so in poor PS status patients [19.41],

Approximately halves DBF rate [22,.42, 43]

- Duration of benefit 6=12 months.

For up to 4 BM [22,42.43]

For up to 3 BM [18.44]

1 lesion [45]
24 lesions [45]

1 lesion [47]

SRS Sterentadic radiosurgery: FS Perfformance Status; NS Neurosurgery; DBF Distant brain failure; BM Brain Metastases; WBRT Whole Brain Radiotherapy.

Recommendations for management

Imaging Medical management of BM symptoms

Multdisciplinary meeting




‘ Malkinge treatment decisions

[36] Tsao MM, Rades D, Wirth A, Simon 5, Danielson B, Gaspar L, et al. Radio-

therapeutic and surgical management for newly diagnosed brain metasta-

Symptoms
Fitrwess for surgery

Step 2: Consider the disease
Phe notype

Extracr anial disease
Systemic therapy

M uirbser
SiFe

Location
Extent of oedema
De novo or progressive disease

Published guidelines sigles )k an American Society for Radiaton Oncology evidenoe-based guide ine.
Pract Radiat Onool 2012:2:210=25. http: //ds doi.oc g 10,1016/
J-proo 2011, 12,00,
[37] Soccianti 5, Ricardi U, Treatment of brain metastases: review of phase (11
randomized controlled trials. Radiother Oncol 2002:102:168-79. hitp://
dx doLorz 10,1016/ radonc. 201 LOB 041,
Table 4 Management framework
Framework steps for treatment of breast cancer brain metastases.
Characteristic Questions
Step 1: Consider the patient
Performance status Lifie ex pectancy?

Will surgery palliate best?

Asymptomatic, Is treatment for brain metastases needed at this time?
Co-morbidities?

Anticoagulation ? Antiplate ket the rapy?

Likely natural history?

Estimated miedian survival?

Present? Absent? Progression?

Number of lines of therapy?

Any more therapies available?

Likelihood of response in extracranial disease? In brain?
1, <34 oF =47

Should surgery be considered?

Is stereotactic radiosurgery Feasible ?

Is neurosurgery feasible?

Extensive and of concern? Moderate? Minimal?
Frior therapy ?
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Original Article

Clinical|and Molecular Markers of Long—Term Survival After

Oligometastasis-Directed Stereotactic
Body Radiotherapy (SBRT)

Anthony C. Wong, MD, PhD" Sydeaka P. Watson, PhD®: Sean P. Pitrada, MD" Christina H. Son, MD" Lauren C. Das, MD":
Melinda E. Stack, MD®; Abhineet Uppal, MD*: Go Oshima, MD?; Nikolai N. Khodarev, PhD": Joseph K. Salama, MD®;
Ralph R. Weichselbaum, MD* and Steven J. Chmura, MD, PhD'

BACKGROUND: The selection of patients for oligometastasis-directed ablative therapy remains a challenge. The authors report on
clinical and molecular predictors of survival from a stereotactic body radiotherapy (SBRT) dose-escalation trial for oligometastases,
METHODS: Patients who had from 1 to 5 metastases, a life expectancy of =3 months, and a Karnofsky performance status of =60
received escalating SBRT doses to all known cancer sites. Time to progression, progression-free survival, and overall survival (OS5)
were calculated at the completion of SBRT, and clinical predictors of OS5 were modeled. Primary tumor microRNA expression was an-
alyzed to identify molecular predictors of OS5 RESULTS: Sixty-one evaluable patients were enrolled from 2004 to 2009, The median
follow-up was 2.3 years for all patients (range, 0.2-9.3 years) and 6.8 years for survivors (range, 2.0-9.3 years). The median, 2-yvear,
and 5-year estimated OS5 were 2.4 years, 57% and 32%, respectively. The rate of progression after SBRT was assoclated with an
increased risk of death (hazard ratio [HR], 1.44; 95% confidence interval [C1], 1.24-1.82). The time from initial cancer diagnosis to me-
tactasis (HR, 0.98 95% Cl, 0.98-0.99), the time from metastasis to SBRT (HR, 0.98; 95% Cl, 0.98-0.99), and breast cancer histology
(HR, 012 95% Cl, 0.07-0.37) were significant predictors of O5. In an exploratory analysis, a candidate classifier using expression levels
of 3 microRNAs (miR-23b, miR-449a, and miR-449b) predicted survival among 17 patients who had primary tumor microRNA expres-
sion data available. CONCLUSIONS: A subset of oligometastatic patients achleves long-term survival after metastasis-directed SBRT.
Clinical features and primary tumor microRMNA expression profiling, if validated in an independent dataset, may help select oligometa-
static patients most likely to benefit from metastasis-directed therapy. Cancer 2016;122:2242-50. € 2076 American Cancer Society.

KEYWORDS: oclgometastases, stereoctactic body radiotherapy, microRNA, biomarker, classifier.

|E::1nr:er July 15, 2016 |




TABLE 1. Patient and Tumor Characteristics

MATERIALI E METODI

Mo. of
Cheracieniatic Patients [Montha] % [Rangs]
Prirmary =ies {hisiobagy)
L e U Uk
i1 o
Haad and neack squamous cal 5 82
Mansmall cal ung 1 18
Ranal a 131
Samamna 5 82
Srmall call ung 5 82
O gulbladder, ovary, skin, 14 23
tiyrmus, fiymid, parofd, PHET)
Induced digometastaces
h-H a 131
Ma 53 Bg4
Qligometistises par patient
Ha. freated an proioool
1 X3 541
2 12 19.7
=3 16 22
Distant metast si=-Fea imarval, ma
0 {rmetastatic at inffal diagnosis) 7 1.5
03 12 19.7
3-8 5 a2
&12 a 131
12-24 5 a2
2448 11 18
=48 13 Ma
Wadian [11.8] [0-302)
Tirma fmoen metastasi= o SEBAT, mo
03 15 248
3-8 4 68
&12 17 A
12-24 12 19.7
2448 9 148
=48 4 88
Wadian [aa] [1-8&)
Tirme 1o progmesion afer SEAT, ma
03 20 A
3-8 13 Nna
&12 a 131
12-24 7 1.5
24-48 5 a2
=48 i 1.6
Merver progressad T 1.5
Madian armang paogres sors &3] [1-64]

Abbrevaions: PHET, pimiiva noumeciodemal wmaor; SBAT, sorestactio
body radiotharapy.

Novembre 2004-Novembre 2009:
61 pz 113 metastasi

Cr mammella pz:7/61

1-5 metastasi,

aspettativa di vita >3 mesi,
KPS>60

metastasi £10 cm o £ 500mL
no RT in precedenza

no CT concomitante, solo OT

Micro RNA in 17 campioni
del tumore primitivo di pazienti
arruolati ma solo 1 pz con cr
mammella!!!




Treatment and Endpoints

Details of radiation treatment planning and delivery have
been previously described.”” A 3 X 3 dose-escalation
schema was used with cohorts for each anatomic site esca-
lated in 6 gray (Gy) increments (2 Gy per fraction). The
starting dose for all sites was 24 Gy, and the ceiling forait

cohorts was 60 Gy in 3 fractions; however, the trial closed

with the 48 Ly cohort, before reaching the maximum tol-

erated dose. In general, the radiation dose was prescribed
to the planning target volume edge, typically to the 80%
to 90% isodose line, with 95% of the planning target vol-
ume required to receive 95% of the planned dose.

The primary endpoint was determination of the

maximum tolerated dose and doselimiting rtoxicity

(dehined as grade 4-> hematologic toxicity or grade 3-3
nonhematologic toxicity, ﬂduding nausea, vomiting, and
alopecia) of SBRT for each of 5 anatomically defined
cohorts: head and neck, lung, liver, abdomen, and extrem-
ities. The secondary endpoints were response rate, OS,

progression-free survival (PFS), and patterns ot failure.

Follow-Up
Patients returned every 2 weeks for 1 month, monthly for

3 months, and quarterly thereafter. Acute toxicities were

scored a;:carding to the Common Ttrminﬂlﬂgy Criteria
for Adverse Events (version 3.0.16).'® Late toxicities were

scored according to the Radiation Therapy Oncology
Group late toxicity scoring system.'” Each metastasis was
a target lesion that was independently assessed for
response. Patterns of progression were determined by
assessing all treated metastases and untreated tumors
(primary tumors and metastases) on all follow-up studies.




RISULTATI

: Toxicity
median follow-up: Acute toxicitv for this cohore w ousl 415
_ v for this cohort was previously reported.

2,3y (0,2-9,3y) for all p_atlents Qunly 2 patients experienced grade 3 acute toxicity: 1

6,8y (2,0-9,3y) for survivors patient in the 30 Gy liver cohort experienced grade 3
vomiting, and 1 patient in the 42 Gy lung cohort experi-
enced grade 3 fatigue. There were no grade 4 acute toxic-
ities. Six episodes of grade 3 late toxicity were described in
the previous update of this cohort. Since then, there were
no additional episodes of grade >3 toxicity.

Patterns of Progression and TMC

Seven patients (11.5%) never progressed after protocol
therapy. In another 7 patients (11.5%), first progression “The median, 2-year and 5-year
occurred only in treated metastases; 4 of those patients estimated OS were 2.4 years,

received relatively low SBRT doses of 24 or 30 Gy as part 57% and 32% respectively”
of the dose-escalation protocol. Thirty-eight patients

(62.3%) had inidal progression only outside of protocol-
treated metastases. Nine patients (14.8%) progressed ini-
tially at both treated and untreated sites.
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TABLE 2. Characteristics Associated Witn Univariate and Multivariate Cox Regression Analyses

Characteristic HR for Mortality 95% Cl P
nifvariate
Distant metastasis-free interval 0.85 0.77-0.93 < 001
Breast cancer histology 0.3 0.08-0.89 026
T oM MeESEne dagnosis to 0.81 0.64-1.00 046
protocol treatmient
Rate of progression 1.03-1.20 < 05
induced cligometastatic state B 0.78-3.70 16
Progression at protocol-treated lesion 1.41 0.79-2.50 24
Solitary oligometastasis 1.22 0.69-2.20 A48
Age 1.00 0.98-1.03 87
fractions 1.18 0.67-2.10 57
Breast cancer histology 0.12 0.07-0.37 = .05
Distant metastasis-free interval 0.98 0.98-0.99 < 05
Time from metastatic diagnosis to end of 0.98 0.98-0.99 <= 05
protocol treatment
Rate of progression (A ELD>) 1.24-1.82 < .05

Abbreviations: Cl, confidence interval; Gy, gray; HR, hazand ratic.




CONCLUSIONI

In conclusion, our long-term data demonstrate that
patients with oligometastases can receive ablative radio-
therapy to all malignant sites with limited acute and late

toxicity, leading to reasonable rates of TMC with sufti-

cient dose escalation. A subset of these patients, especially

those with breast cancer, may achieve long-term survival.

MicroRNA classitiers may help predict tumor biology
and clinical outcome. Research to validate microRNA
expression proﬁling in the selection of optimal patients

for Oligometastasis—directed therapy is ongoing.
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Summary ina cnhnln of 33 pat'lelnts
treated with stereotactic

We have previously validated body radiation therapy

a multigene expression index (SBRT) to 38 liver metasta-

for tumor radiosensitivity

(RSI). The current analysis primary histology to be an

reveals: significant diﬁ'ﬂ‘l important factor to consider
ences in RSI based on pri- in SBRT radiation dose

mary histology of liver seleciion.
metastases with colorectal

adenocarcinoma found to be

more radioresistant. Differ- I Int ] Radiation Oncol Biol Phys, Vol. 95, No. 5, pp. 13091404, 2016 I
ences in RSI were validated

ses. This analysis reveals




MATERIALI E METODI

Radiosensitivity signature

RadioSensitivity Index (RSI) is directly proportional to tumor
radioresistance :> RSI: high index = radioresistance

Methods and Malterials: Radiosensitivity (determined by survival [raction at 2 Gy) was modeled as a function ol
gene expression, Lissue ol origin, ras status (mut'wit), and p33 status imul/wi) in 48 human cancer cell lines. Ten
zenes were identified and vwsed o build a rank-based linear regression algorithm to predict an intrinsic radio-
sensitivity index (R51, high index = radioresistance). This model was applied W three independent cohorits
treated with concurrent chemoradiation: head-and-neck cancer (HNC, n = 92): rectal cancer in = 14): and
esophageal cancer (n = 12).

studiati come target per effetto
radiosensibilizzante implicati in: “radiation signalling”,
regolazione dl ciclo-cellulare, “DNA damage”, apoptosi,

Gene name proliferazione cellulare, deacetilazione degli istoni
Androgen receptor
{;:"IJ'uAnTl RSI = —.0098009 + AR + (0.0128283 + cJun 4+ 0.0254552
L #* STATI — 0.0017589 « PRC — 0.0038171 = RelA
PKC
RelA (p63) +0.1070213 * cABL — 0.0002509 + SUMOI
c-Abl — 0.0092431 + CDK1 — 0.0204469 + HDAC
SUMO-1
CDEK]1 (p34) — 00441683 = IRF1
HDACI
IRFI

Int. J. Radiatiom Omncology Biol Phys., Vol. 75, No, 2, pp. 4894496, {0
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372 pazienti (almeno 3 campioni)

tumore primitivo:
cr colon-retto 314 pz (84,4%)
cr mammella 12 pz (3,2%)

cr pancreas neuroendocrino 11pz (3%)

melanoma 9 pz (2,4%)
altre istologie

-5

Small Intestine Neurcendoaine

RS

RISULTATI

I: high index = radioresistance

The median RSI for all liver lesions was .43 (quartile
[QI1, 0.28; Q3, 0.49). There were significant differences in
RSIs of liver metastases based on primary histology. The
median RSIs for liver metastases in descending order of
radioresistance were gastrointestinal stromal tumor (GIST)
(0.57), melanoma (0.53), colorectal neuroendocrine (0.46),
pancreas neuroendocrine (0.44), colorectal adenocarcinoma
(0.481_breast adenocarcinoma ((I33), lung adenocarcinoma
(0.31), pancreas adenocarcinoma ((.27), anal squamous
cell cancer (0.22), and small intestine neuroendocrine

(0.21
based

(P<.0001).J A box plot of RSI of liver metastases

on primary histology is displayed in Figure 1.



SBRT patient cohorts

Table 1 Clinical charactenstics of colomectal and noncolorectal liver metastases

(Characteristic Colonectal Naoncolorectal P value

Patients (n) 14 1

Age, ¥ (range) 67 (39-89) & (46-T4) 1l
Male/female L1/11 i 1§
Lesions {n) X [

Diameter of legon, cm (range) 2 {06-6.7) 2.7 (1.24.1) .,
Dose ) Gyibl Gy &9 i Ll
Number of lines of previous chemaotherapy (range) 2{0-3) 2{1-4) 3
Follow-up, mo (range) 5 (349 284 (1538 6)

33 pazienti , 38 metastasi epatiche
Non colorectal: 4 cr mammella, 5 cr anale squamoso, 2 cr polmonre NSCLC
median follow-up: 21,2 mesi (range 2,5-44,9 mesi)



SBRT patient cohorts

An independent retrospective analysis was conducted on all consecutive patients treated with
a dose of 50 or 60 Gy in 5 fractions given over 1 week.

Patients underwent placement of fiducial markers before simulation, guided by either
computed tomographic (CT), endoscopic, or angiographic approaches. An individualized
motion management strategy was chosen after conventional simulation with fluoroscopy
to determine the amount of respiratory-associated fiducial marker motion with an intended
technique of either incorporating an abdominal compression device or respiratory gating
using an infrared reflector on the patient’s chest.

PTV =GTV+ 5 mm - maximum doses: bowel and stomach 30 Gy, cord and esophagus 20
Gy - mean dose to the kidneys <10 Gy, liver-GTV V15 <700 cc, lung V10 <1500 cc, and
heart mean <10 Gy - PTV covered by 90% of the prescribed dose.

After treatment, patients were followed up by the
treating radiation oncologist or medical oncologist with
imaging at¢Z- to 3-month intervals.Ancindependent review
of imaging to assess =Cwas undertaken by 2 Tradiation
oncologists (K.A.A. and J.J.C.) and a radiologist (G.E.H.).
Local failure was defined by an increase in the size of
the previously irradiated area according to the
Response Evaluation Criteria in Solid Tumors criteria,
version 1.1 (19).



100.0%

80.0% iy 12 month 79%
- = = =, 24 month 59%
—‘e _________
S 60.0% -
S
E
S 40.0% P=.019
Noncelorectal
20.0%7 mem===- Colorectal
0.0%
] 8 12 18 24
Months
No. at Risk
Colorectal 27 23 17 10 8
Noncolorectal 11 11 8 7 7
Fig. 2. Kaplan-Meier local control rates for colorectal

and noncolorectal liver metastases.

ANALISI UNIVARIATA

There was a trend toward (SBRT dose Jpre-
dicting response on univariate analysis: 50 Gy versus 60 Gy
(hazard ratio 3.0; 95% confidence interval [CI]: 0.82-11.0;
P=.10). Other factors including size >2 cm/
<2 cm (P=.47) and number of lines of previous chemo-
therapy >2/1 (P=.42), age (P=.12), and gender (P=.47)
were not found to be significant factors predicting LC.

RISULTATI

The 12-month and 24-month Kaplan-Meier
rates of local control (LC) for colorectal lesions
from the independent clinical cohort were
79% and 59%, compared with 100% for
noncolorectal lesions (P=.019), respectively.

OS non differenze
statisticamente significative:

ANALISI MULTIVARIATA

When factors that were trending on univarig
and dose) were taken into account,

remained significant for local failure (P=.04) on multi-
variate analysis.




CONCLUSIONI

In this analysis assessing radiosensitivity of liver me-
tastases based on primary histology, we noted significant

differences based on primary histology. Primary histology
played a significant role in determining radiosensitivity,
with colorectal metastases found to be more radioresistant
than histologies such as anal squamous cell cancer, breast
adenocarcinoma, and lung adenocarcinoma. These findings
correlated with clinical outcomes in an independent dataset
of patients treated with liver SBRT. This study paves the
way for a future clinical trial with genomically guided dose
selection based on primary histology and RSI.
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ABSTRACT

Bockground: Multidisdplinary management of oligometastatic breast canoer with local therapy could
improve disease control. The aim of our sludy is the assessment of safety and efficacy of Stereotactic Body
Radiation Therapy (SBRET) in selected subset of patients.
Panenz and methods: Oligometastastic patients from breast canoer were treated with SBRT for 1—3 lung
and liver lesions, in an obsenational study Indusion critera were: age =18 years, EODG 0-2, diagnosis of
breast cancer, no extrapulmonary and/ or exitrahepatic disease, other metastatic sites stable or responding
after chemotherapy were allbowed, no life threatening conditions, less than 5 lung and liver lesions (with
maximum diameter <5 cm), chemothempy completed at least 3 weeks before treatment, writben
informed consent Prescription dose ranged bebween 48 and 75 Gy in 3 or 4 consecutive fractions. Pri-
mary end-point was local control (LC)L Secondary end-points were toxidty, overall survival (05) and
progres sion-free survival (PFR).
Resuls: From April 2000 o June 2014, 33 patents for a total number of 43 lesions were irradiated.
Median follows up was 24 months (range 3—59). Actuarial LC rates were 98X at 1 year and 90% at 2 and 3
years. Complete response, partal response and progressive disease were detected in 25 (53 2%, 6 (343%),
and 6 (12.8%] lesions, mespectively. Median 0% was 48 months. Acuarial OF% rates at 1 and 2 years were
93% and 66% mspectvely. Median PF: was 11 months, with a PFS mte at 1 and 2 years of 48% and 27%,
respecively At univariate analysis DFI = 12 months, hormonal receptor positivity, medical therapies after
SBRT showed a significant impact on 05, Treatment was well tolerated, with no G3-4 toxictes.
Conclusions: SBRT is a safe and feasible alternative treatment of liver and lung oligometastases from
breast cancer, in selected patients not amenable to surgery, with good local control and survival rate.
@ 2015 Elsewier Ltd. All rights reserved.



MATERIALI E METODI

Material and met hods

This observatonal siudy was approved by the local ethical
committee. From April 2010 until June 2014 oligometastatic pa-

tignts with liver orlung mefastases from breast cancerwere treated
with SBET in our institution. Inclusion criteria were: age =18 years,
ECOG 0-2, diagnosis of breast cancer, no extrapulmonary and/or
extrahepatic disease, other metastatic sites stable or responding
after chemotherapy were allowed, no life threatening conditions,
less than 5lung and liver lesions (with maximum diameter <5 cm),
chemotherapy completed at least 3 weeks before treatment, writ-
ten informed consent for the treatment Systemic therapies other
than chemotherapy were allowed during ET (Le hormonal thera-
pies andfor immunotherapy). Patients were excluded from these
anabysis if pregnant, All patients gave written informed consent for
treatment

Primary end point was local control (LC), secondary end points
were toxicity, progression free survival (PFS) and overall survival
(05).

All patients were staged with thorax and abdomen CT and PET/
CT to confirm the olipopmetastatic state. Abdominal MEI was
required in patients with liver metastases.

Number of treated oligometastases

1

2

3

Extrahepatic/pulmonary stable disease

Sum of [TV Liver
Lung

Table 2
Characteristics of patients treated with SBRT for lung or liver metastases,
Nurmber

Number of patients 33
Age (years) Mean 57 years
Hormonal receptor positive 23(@.7%)
HER2 3+ 16 (48.5%)
Systemic therapies for metastanc disease before SBRT 30 (909%)
Sites of treated oligometastases Liver 23 (69.7%)

Lung 10(303%)

21 (636%)
10(30.3%)
2(6.1%)

16 (48.5%)
Mean 2006 ¢
Mean 1096 ¢

SBRT: stereatactic body radiation therapy, ITV: internal target volume,



Table 1

Mormal tissue tolerances used for planning in brackets the more
relaxed constraints for the fractionation schemes with 4-8

fractions.

Mormal dssue

Constraints

Healthy liver
Spinal cord
Kidneys
Stomach
Duode num
Small bowel

Large bowel
Lungs

Heart
Oesophagus

=700 cm? < 15 Gy
Dascm < 18(20) Gy
Visgy < 35%

D3, <21 (36) Gy
¥ <21 (36) Gy
Dy an < 21 (36) Gy
Diam < 21 (36) Gy
Mean < 4 Gy
Vaggy < 10%

D1am < 30 Gy

D @1em < 30 Gy

All patients were meated with a volumetne modulated arc
technigue (VMAT ). All SBRT/VMAT plans were optimized by inverse
planning t© ensure maximal dose conformity and rapid dose falloff
toward critical structures, SBRT/VMAT was delivered with 6- or 10-
MV photons, using modulated dynamic arcs. Dose was prescribed
as the mean dose to PTV ensuring that more than 98% of PTV would
receive 95% of prescribed dose. Normal tissues tolerances used for

Elannlgg are showed in Table 1.




Table 3

Sites of first disease progression and patients'treatment characteristics.

Patient Site of progression

Site of treated metastases

Dose of SBRT

11
12
13
14
15
16
17
18
19

21

Thoracic wall and axilla

Lymph nodes
Thoracic wall and

lymph nodes

Liver (other site)

Pleura, lymph nodes,

bone
Lung

Bone, lymph nodes,

liver (other site)
Liver (other site)
Liver (other site)

Lymph nodes, liver

(other site)

Liver (other site)
Liver (other site)
Liver (other site)
Liver (other site)
Lymph nodes
Liver (other site)
Liver (other site)
Liver (other site)
Liver (other site)
Brain, bone, lung
Pleura

Bone

Lymph nodes

Lung

Liver (1)
Liver (1)
Liver (1)

Liver (2)
Liver (1)

Liver (2)
Liver (2)

Liver (3)
Liver (1)
Liver (1)

Liver (1)
Liver (3)
Liver (1)
Liver (1)
Liver (1)
Liver (1)
Liver (1)
Liver (2)
Liver (2)
Lung (1)
Lung (1)
Lung (2)
Lung (1)
Lung (2)

56.25 Gy in 3 fr.
5625 Cyin3 fr.
75 Gy in3fr.

61.8 Gyin 31r.
75CGyin3fr.

75Gyin3fr.
675 Gyin 3fr.

75CGyin3fr.
75 Gy in3fr.
61.8 Gyin 31r.

75Gyin3fr.
75CGyin3fr.
66 Gy in 3 fr.
75CGyin3fr.
75CGyin3fr.
75CGyin3fr.
61.8 Gyin 3fr.
75Gyin3fr.
75CGyin3fr.
48 Gy in4fr.
48 Gy in4 fr.
48 Gyindfr.
60 Gy in 3 fr.
48 Gy in4dfr.

RISULTATI

_I:ruring treatment patients were evaluated the first and the last
day of BT, or more frequently if required; patients were evaluated
again 4 weeks after the end of treatment for acute toxicity, Toxic-
ides were graded according to Common Terminclogy Criteria for
Adverse Events version 4.0,

No CT concomitante
14 pz trastuzumab
20 pz OT non specificata

Tossicita G1-G2

No patients experienced radiation-induced liver disease (RILD,
both classic or non-dassic) or any grade >3 toxicity. In twenty-one
cases (63.6%) we did not record any acute or late toxicity. Nausea
and vomiting G1-2 were the most represented side effects (18%).
Regarding late toxicity, during follow up we recorded one case of
(2 gastritis and one case of G2 cough.
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In our experience, we report an excellent local control of 98% at
1year and 90% at 2 years, in line with published literature [ 1518},

Median overall survival (0S) was 48 months (IC95% 18.6-713).
Actuarial OS rate at 1 and 2 years 93% and 66%.
Median progression-free survival (PFS) was 11 months (IC 95%,

Follow-up mediano: 24 mesi (range 3-59)

4.5-17.4 months), with a PFS rate at 1 and 2 years of 48% and 27%,
respectively (Fig. 2).
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Table 4
Prognostic factors affecting LC, OS and PFS rates on univariate analysis.

Factor Univariate analysis

LC PFS
Tumor size ns* ns ns
exira ns ns 0.03
DFI=12 months ns 0.005 ns
HER = ++ ns ns ns
Rec+ ns 0.03 ns
CT * ns 0.01 ns
OT N ns 0.04 ns
Trastuzumab ns ns ns
Local control ns ns ns

* ns: not significant.
* After SBRT

At multivariate analysis, none of the analyzed parameters showed
a significant correlation with LC, OS and PFS.




CONCLUSIONI

SBRT as ablative local treatment for oligometastatic disease is
becoming more and more popular. This approach can guarantee an

excellent local control as in the series we report. This advantage can
probably translate in a PFS and OS, with a not negligible, although

still theoretical, chance of cure, especially if local therapies are in-
tegrated with efficient systemic treatments. Breast cancer patients
are excellent candidate for this kind of approach, because of the
natural behavior of the disease, with the frequent occurrence of an
oligometastastic state. As we showed in_this study, also patients
with visceral metastases, heavily treated with systemic therapies,

take a significant advantage from SBRT, despite their historically
dismal prognosis.

However, we must not forget that ablative local therapies,
although commonly prescribed, are not yet the standard of care for
breast oligometastatic patients. All possible efforts must be made to
enroll patients in phase Il trials that will hopefully confirm that
local therapies can have a positive impact on metastatic patients'
survival.




Il trattamento della paziente
oligometastatica:

analisi della letteratura articoli pubblicati
nel 2016
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Anti-tubulin drugs conjugated to anti-ErbB
antibodies selectively radiosensitize

Stephen R .ﬁ.dam51, Howard C. "r'angz, Elamprakash M. Eavariar1, Joe .ﬁ.guileraz, Jessica L. Cri5p1, Karra A. .Il:urrE53,
Michael A. Whitney!, Scott M. Lippman®=, Ezra EW. Cohen®=, Roger Y. Tsien'>® & Sunil ). Advani®>

Tumour resistance to radiotherapy remains a barder to improving cancer patient outcomes.
To overcome radioresistance, certain drugs have been found to sensitize cells to lonizing
radiation (IE}. In theory, more potent radiosensitiaing drugs should increase tumour kill and
improve patient outcomes. In practice, clinical utility of potent radiosensitizing drugs is
curtailed by off-target side effects. Here we report potent anti-tubulin drugs conjugated to
anti-ErbB antibodies selectively radiosensitize to tumours based on surface receptor
expression. While two classes of potent antitubulins, auristating and maytansinoids,
indiscriminately radiosensitize tumour cells, conjugating these potent anti-tubulins to anti-
ErbB antibodies restrid their radiosensitizing capacity. Of translational significance, we report
that a clinically used maytansinoid ADC, ado-trasturumab emtansine (T-DM1), with IR
prolongs tumour control in target expressing HER2 + tumours but not target negative
turnours. In contrast to ErbB signal inhibition, our findings establish an alternative therapeutic
paradigm for ErbB-based radiosensitization using antibodies to restrid radiosensitizer
delivery.



CASE REPORT Open Access

' Expansive hematoma iin delayed cerebral ®
radiation necrosis in patients treated with
T-DM1:[a report of two cases | e |

Koichi Mitsuya ", Junichiro Watanabe”, Yoko Nakasu', Nakamasa Hayashi', Hideyuki Harada® and Ichiro Ito®

Abstract

Background: Multiple new targeted agents have been developed for patients with human epidermal growth
factor receptor type 2 (HERZ) - positive breast cancer. Patients with HER2- positive breast cancer will develop
brain metastases with greater incidence than patients with non-HER2 cancers, and many of them will undergo
stereotactic radiosurgeny| (SRS} or other (NS radiotherapy. The interaction between radiation effects and new
targeted agents 1S nof well understood. We report two cases suggesting a novel adverse effect of T-DM1
(trastuzumab emtansine} on symptomatic enlargement of radiation necrosis (ANaiter SES

Case presentation: Two patients with HER2-pasitive breast cancer had receiveq SRS for single brain metastasis

more than S-vears ago. They had been heavily reated for HER2-positive metastatic breast cancer [frastuzumab
and pacritaxel, lapatinib and capecitabine). They initiated T-DM1 therapy for progressive systematic disease 5.
5 years after stereotactic irradiation, when a small RN was recognized on brain MR images of each patient.
The RN lesions increased in size and became symptomatic during 13 or 14 months of T-DM1 treatrment. The
patients underwent surgical resection of the lesion. Pathological examination revealed necrosis, hematoma,
granulation tissue and telangiectasia without neoplastic cells.

Conclusions: A potential enhancement of RN by T-DM1 in the brain may be one of important adverse events
associated with the use of T-DM1 for patients after SRS These cases highlight the need of careful follow-up
when combining new systemic argeted therapies and SRS for brain metastases.

Keywords: Brain metastasis, Breast cancer, Human epidermal growth factor receptor type 2, Radiation necrosis,
Stereotactic radiosurgery, Trastuzumab emtansine




Caso clinicon 1

Pz di 67 anni con cr mammario stadio IV

8 anni prima metastasi cerebrale di 8 mm trattata con SRS D95=25 Gy

5,5 anni dopo SRS inizia T-DM1

dopo 8 mesi dall’inizio di T-DML1 lesione asintomatica: RM,TC e chirurgia: RADIONECROSI

Inizio T-DM1 14 mesi 15 mesi
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Caso clinicon 2

Pz di 45 anni con cr mammario stadio IV

SRS (D95=25 Gy) per mestatasi lobo parietale dx 10 mm,

dopo 1 anno recidiva alivello cerebrale intervento chirurgico e SRT postoperatoria 30Gy /5 Gy
dopo 5,5inizia T-DML1 lieve disorientamento spazio-temporale- RM,TC e chirurgia: RADIONECROSI

Inizio T-DM1 12 mesi 15 mesi

Ag. 2 Axial conrast-enhanced Ml bain imag

nitation of 1-DM1 (a), (b) enlarging heterogens

Ot panatd delayed @daEnion necrosis (15

nancement (30 mm) at 12 months {¢) rapid o

15 months after initiation of T-DM1 therapy. Precont@st CT scan shows high density araa in this lesion (d) Perfusion CT () showing an a=a
of low CBV. Photomicog@phs of H-£ ), CO31 (@) and BVG (h) stains. The scale bar represants 500 pm for panel Hemo e and dlated
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breast cancer

Preliminary experience of the concurrent use of radiosurgery
and T-DM1 for brain metastases in HER2-positive metastatic

Arthur Geraund' - Hao Ping Xu' - Philip pe Beuzeboc® - Youlia M. Kirova'

12 pazienti (arruolamento 2014-2015)

4 pz radiochirurgia contemporaneamente a T-DM1
8 pz radiochirurgia dopo (intervallo >1 mese)T-DM1

RADIONECROSI:

RT e T-DM1 concomitante: 50%

RT e T-DM1 sequenziale:  33.3%
EDEMA:
RT e T-DM1 concomitante: 25%
RT e T-DM1 sequenziale:  28.6%

Ab®Erac  [his 15 preliminary study assessing the effi-
cacy and safety of concurrent use of radiation therapy (RT)
and T-DM1 for the treatment of brain metastases (BM) in
patients with HER2-positive metastatic breast cancer (BC).
We retrospectively studied 12 patients treated for BM at the
Institut Curie in 2014-2015 with T-DM1 and concurrent
(4) or sequential (8) radiosurgery with or without whole
brain irradiation. The following variables were studied:
local control, clinical and radiological response as well as
early and lake side effects. The mean age of the population
was 38 years at the time of diagnosis of BC and 46 years
at of BM. All patients were with good P5. The response
rate of the concurrent treatment group was 75% with |
complete response, | partial response, one stable disease
and 1 progression. Comparatively, the response rate in the
sequential group was as follows: two complete responses,
two partial responses, six cases of stable disease and two
cases of local progression. No patient experienced inter-
ruption of irradiation because of side effects. About 50%
of patients wemre asymptomatic after treatment. Radiation
necrosis was observed in 50% of patients in the concurrent
group and 28.6% of patients in the sequential group with
a similar rate of cedema in the two groups. We found that
the combination of T-DM1 and radiosurgery was feasible
but can increase the incidence of radiation necrosis. Larger
prospective studies with longer follow-up are needed to
more clearly evaluate this association.
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Table 1

Preliminary results of the concurrent wse of radiotherapy for bone metastases and trastuzumab emtansine in HERZ-positive metastatic breast cancer patients: characteristics

and treatment at first presentation and bone metastatic evolution.

P. Beuzeboc

Y.M. Kirova+*

Department of radiation encelogy, institut Curie, 26,
rue d'Ulm, 75005 Paris, France

Fatient 1 Fatient 2 Patient 3
Initial disease

Age 35 years 30years 53 years

Histology {grade] Invasive ductal carcinoma (1] Invasive ductal carcinoma (1) Invasive dwuctal carcinoma (1)

Tumr stage TI NZ MO T3 N1 MO TAMITRT

Local and systemic treatment Lumpectomy + lymph node Mastectomy +5M Radiotherapy Mastectomy + lymph node
dissection breast (50} +intermal mammary dissection
Radiotherapy breast + boost chain and supraclavicular (45) Breast (45 supraclavicular (45)
[G6] + supraclavicular (500 Adjuvant and necadjuvant Chemotherapy and trashizumab

Bone metastatic evolution
Age at bone metastatic localizations
Others metastatic sites
Systemic treatment

Trastizumab emtansine duration
Stopc yes or no (cause )

Bone radictherapy
Localiz ation
Type of treatment
Diose
symptoms before radiation
Fain control after radiotherapy
Meurologic evahution after
radiothera

Mastectomy for disease recurrence
adjuvant chemotherapy, hormonal
therapy and trastuzumab

50 years
Brain liver, lung
Chemaotherapy, trastuzumab

dmaonths
Stopped after liver progression

Dorsal wertebras
DE-D7

15 Gy 5 fractions
Motor deficit, pain
Good pain relief
Fartial response

chematherapy. adjuvant hormonal
therapy and rashuzumal

38 years

Brain

Chematherapy, lapatinib,
trasiizumaly

11 months

Continued

Sacrum

15 Gy 5 fractions
Fain

Good pain relief
MiA

before surgery/radictherapy

58 years

Brain, liver

Chemotherapy, hormonal therapy,
lapatinib, trastuzumab

5maonths

Continued

Left shoulder

B Gy 1 fraction
Pain

Good pain relief
MiA

Side effects related to the concurrent
use of radiotherapy and trasturumab

Mo side Eiecul: 12 manths after
treatment)

Ma side effects {omonths after
treatment)

Ma side effects {3 months after
treatment)
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